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SEROIOOICAL RESPONSE OF MICE TO STAPHYWCOCCAL 
ANTIGENS 
The presence of anticapsular antibody to Staphylococcus 
aureus, wound strain, was detected in rabbit serum by using 
the specific capsular reaction test, precipitin test, and 
hemagglutination test. These procedures failed to detect 
staphylococcal capsular antibody in mouse serum. By the 
Boger bacterial agglutination test it was found. that mice 
produce antibody to staphylococcal capsular material that 
disappears four to six weeks after immunization. 
Stapbylococcus aureus, strain NB-l, was used as anti-
gen in the Boger method for detecting antibody to wound 
strain capsular material. The latter was found to produce 
an antibody in mice that could be detected by the Boger 
method. One hundred IJ.gm of wound strain capsular material 
given 1ntraperitoneally in four equally divided doses over 
two weeks I time was found to be the optimum dose. Mice 
having a pre-immunization titer of 1:160 or less by the 
Boger method gave the best antibody response. 
Total protein content of antiserum from mice immu-
nized with capsular material showed a decreased total protein 
compared to the normal mice. Electrophoretic studies 
viii 
demonstrated essentially no change in the albumin, alpha-l 
or alpha-2 globulin fractions. There was a decrease in the 
beta globulin fraction with little or no change in the 
gamma fraction. 
Total protein content of hyperimmune mouse ascites 
fluid produced by the K II strain of mouse ascites tumor 
cell was similar to the protein content of mouse serum. 
Electrophoresis of hyperimmune ascites fluid from mice 
immunized with a whole cell suspension showed the largest 
amount of gamma globulin--nearly two and one-half times as 
much as the normal mice. The mice immunized with capsular 
material had an increased gamma globulin level as compared 
to normal mice but less than that of animals immunized with 
whole cell suspensions. 
The staphylococcal capsular antibody was found to be 
specific by absorption tests. It was absorbed from the 
mouse serum by whole cell suspension of ~. aureus, strain 
NB-l, and was not absorbed by Escherichia .£2!!. organisms. 
The gamma globulin fraction of hyperimmune ascites 
fluid from mice immunized with whole cell suspensions of 
NB-l organisms was decreased when it was absorbed with a 
heavy suspension of the homologous organism. 
Serum from germ free mice had an antibody titer by the 
Boger method of 1:10 or less. Human serum pools collected 
ix 
during the summer and winter months had titers by the Boger 
method of 1:640 and 1:160 respectively- The titers of the 
germ free mice and the human serum pools vere not altered 
by absorption with NB-l or Escherichia ~ organisms. 
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SEROLOOICAL RESPONSE OF MICE TO STAPHYLOCOCCAL 
ANTIGENS 
INTRODUCTION 
Many pathogenic bacteria produce a capsule during their 
life cycle. This capsule gives protection to the organism 
and in many instances is antigenic as well. It mq be only 
weakly antigenic and subsequent antibody response mq be 
only transient in nature but wi thin a specified period this 
antibody affords some protection to the host involved. In 
a number of laboratory animals this capsular antibody can 
be detected by standard serological procedures such as the 
precipitin test, specific capsular reaction, hemagglutination 
test, and complement fixation tests. 
It is known that a number of pathogenic strains of 
S. aureus possess a capsule (Lyons, 1937; Price and Kneeland, 
1956; Goshi, 1963). It is known that this capsular material 
is a mucopeptide (MOrse, 1960) and that it is antigenic in 
rabbits and roosters (Wiley, 1961). Staphylococcal capsular 
antibody can be easily detected in ra.bbi ts (Cowan, 1939; 
Christie, 1940) and roosters (Wiley, 1961) but not in mice 
(Mudd, 1965; Gosh!, 1963; Ekstedt, 1963). 
It was the purpose of this research to study the sero-
logical response of mice to whole cell staphylococcal vaccines 
and isolated partially purified staphylococcal capsular 
material. The serological tests to be used shall be the 
specific capsular reaction test, the precipitin test, the 
hemagglutination test, bacterial agglutination and the 
Boger (1960) method of bacterial agglutination. 
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LlTERATUBE REVIEW 
The early studies that suggested antibody formation 
following staphylococcal infection were performed by sub-
jecting rabbits to repeated skin infections at weekly 
intervals and challenging them with vaccines composed of 
viable organisms (Panton and Valentine, 1929). These ani-
mals exhibited a diminution in the size of the lesion pro-
duced and an increased incidence in the production of 
purulent lesions by doses of viable organi sms one hundred 
times less than the minimal infective dose for a normal 
rabbit. These responses were explained by Panton and 
Valentine as a "hypersensitive" condition in which the 
animals demonstrated a partial immunity to large doses of 
organisms and a lessened resistance to small doses of 
organisms. No attempt was made to determine whether or not 
this resistance was antibacterial or antitoxic in nature. 
These findings were reproduced and confirmed by Johnson 
(1961) and Goshi (1961) who explained it as a "delayed hyper-
sensi tivi ty'l similar to that seen in tuberculosis. Like 
that seen in tuberculosis there was a specific bacterial 
hypersensitivity associated with an intensification of tissue 
injury produced by the bacteria but no obvious increase in 
the host resistance. 
Burnet (1930 and 1931) and Goshi (1963) in "in vitro" 
studies found that staphylococci produced greater concen-
trations of alpha hemolysin in an atmosphere of 3c:Jip carbon 
dioxide. Anti-alpha hemolysin was produced in rabbits and 
the characteristics and quantitation of this toxin and 
toxin-antitoxin reaction were determined. 
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Based on the results of precipitin tests using rabbit 
anti-staphylococcal serum and purified staphylococcal carbo-
hydrates (Julianelle, 1934 and 1935) it was found that 
staphylococcal carbohydrates were sharply separable into 
two distinct types--type "All from pathogenic or virulent 
staphylococci and type "B" from nonpathogenic or avirulent 
staphylococci. These were thought to be specific since they 
did not cross react with pneumococcus types I, II, or III, 
Friedlander t s bacillus types A, B, or C or with typhoid 
organisms. One tenth m.l of a 1 :50, 000 dilution of type tfAn 
carbohydrate given subcutaneously also produced an increased 
serum precipitin titer concomitantly with a heightened skin 
reactivity. 
Comparative studies on the protective effect of heat 
killed vaccines and toxoids made from culture filtrates 
(Downie, 1937; Smith, 1937) demonstrated no difference between 
the skin lesions of normal control animals and animals immu-
nized with heat killed vaccines. The animals immunized with 
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heat killed vaccines did not develop antitoxin titers. Ani-
mals immunized with toxin, however, demonstrated an increased 
resistance to infection through antitoxin production but the 
development of local metastatic lesions was not prevented. 
The animals immunized with toxin received no protection 
against a lethal inoculum other than a slightly prolonged 
survival time (Parrish, 1960). 
Capsules were demonstrated on organisms less than five 
hours old on both toxigenic and nontoxigenic organisms (Lyons, 
1937). Duguid (1951) was one of the first investigators to 
use the wet film India ink method. He found this method to 
be reliable, generally applicable and consistently successful 
for demonstration of large and small capsules'and loose 
slime. Rabbi ts immunized with heat killed young cultures 
produced anti-capsular antibody containing type-specific 
agglutinins. By using the rabbit anti-staphylococcal anti-
sera and young heat killed encapsulated organisms (Lyons, 
1937) it was possible, by the slide agglutination method, 
to demonstrate a surface antigen of the staphylococci in 
the encapsulated phase. This antigen was different from 
the surface antigen of the non-encapsulated phase. Sera con-
taining agglutinins for the encapsulated organism specifi-
cally and effectively sensitized encapsulated organisms 
thus increasing phagocytosis and preventing the destruction 
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of leukocytes by toxigenic strains (MOrse, 1960; Rogers, 
1962). The immune rabbits more effectively cleared their 
blood stream of staphylococci injected intravenously· than 
did normaJ. rabbits. Twenty four hours after an intravenous 
injection of staphylococci, the normal rabbit, compared to 
the immunized rabbit, had nearly five times as many orga-
nisms per ml of blood. The average survival time of immune 
rabbi ts was 14.8 days and upon death all animals posted were 
found to have a number of renal cortical abscesses. The 
serum agglutinin level in the immunized rabbits persisted 
for about three weeks after infection. In normal control 
animals no serum agglutinins were detectable until the fourth 
week after infection. 
The antigenic complexity of the staphylococcus was 
studied in more detail when Christie (1940) surveyed 220 
different strains of human origin. This study revealed 
that the serological t,ypes of S. aureus recovered from 
furuncles and severe staphylococcal lesions usually differed 
from those found in the nose and throat and were usually 
much more complex. 
Keogh (1948) and Stavitsky (1954) performed hemagglu-
tination tests using human and fowl erythrocytes sensitized 
with a O.l~ staphylococcal polysaccharide solution. It was 
found. that antibody to type "An polysaccharide could be found. 
in adult human serum in titers up to 1:128 (Rogers, 1962) 
and up to 1:16 in cord bloods and for the first six to 
twelve weeks of an infant's life. This suggested that the 
antibody crossed: the placental barrier. 
Gorrill (1951) performed the first studies of immuno-
genicity of staphylococcal antigens using mice as the major 
experimental animal. These studies were done to assess 
mouse susceptibility to coagulase positive and co~ase 
negative staphylococci when injected intravenously. Mice 
were found to be susceptible only to coagulase positive 
staphylococci, the characteristic finding after intravenous 
injection being multiple renal cortical abscesses. The 
earliest lesions appeared in the glomeruli at about 42 
7 
hours post infection with the tubules being affected shortly 
afterwards. 
Selbie (1952) attempted to determine the factors in-
volved in the virulence of staphylococci for mice by assessing 
the amount of swelling produced in the thigh follOwing the 
intramuscular inoculation of each of 75 different strains 
of S. aureus. From these results it was thought that alpha-
- , 
hemolysin production was the most important virulence factor 
wi th all others having only an addi ti ve effect. At that 
time no correlation was found between virulence and 
8 
hyaluronidase production, pigmentation, gelatin liquefaction, 
mannitol fermentation or resistance to penicillin. 
Price and Kneeland (1954) studied a.2- aureus strain iso-
lated from a throat culture. Upon passage through an embryo-
nated egg it produced a mucoid variant that exhibited a 
specific capsular reaction 'When a six hour broth culture was 
mixed with rabbit antiserum. In 1956 they undertook the 
st~ of 3B more strains of .2- aureus and found that most 
strains which were coagulase positive and produced alpha 
tOXin, also produced a capsular substance which could be 
demonstrated by the "Quellung" reaction when using the 
appropriate technique. The amount of capsular substance 
varied from strain to strain being much greater in mucoid 
strains but antigenically similar in all strains studied. 
From these studies the capsular material did not appear to 
be quantitatively related to virulence. 
SChneierson (1956) attempted to correlate mouse patho-
genicity and coagulase production of S. aureus. Out of 60 
strains studied eleven were coagulase negative and 49 were 
coagulase positive. Those strains having a positive coagulase 
test were generally pathogenic for mice while those strains 
having a negative coagulase test were nonpathogenic. Mouse 
pathogenici ty was enhanced by the intraperitoneal injection 
of staphylococci with hog gastric mucin_ 
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Nutri tiona! studies ( Smith and Dubos, 1956) demonstrated 
that the course of staphylococcal infection in mice was 
dependent upon the nutri tiona]. state of the animals at the 
time of exposure to the infective dose. The nutritional 
state had a direct bearing upon the rapidity of clearance 
of the organisms from the blood stream and the organs in 
which these organisms were sequestered. It was postulated 
that the degree of ketosis resulting from fasting or star-
vation fsvored the survival and proliferation of the 
organism at the site where it was trapped. 
Irrespective of the strain of organism used, most of 
the organisms disappeared rapidly from the blood stream of 
animals injected, the initial rate of removal' or destruction 
being particularly high in the lungs and kidneys (Rogers, 
1960) • The virulence m.anifested itself chiefly by the pro-
duction of progressive renal cortical abscesses originating 
from the few staphylococci which were not destrO,yed during 
the initial clearance and bactericidal action (Gorri.ll, 1951; 
Smith and Dubos, 1956). 
Boake (1956) demonstrated an enhanced virulence of 
coagulase positive S. aureus for mice when the organisms 
were inoculated intraperi toneally suspended in rabbit, human 
or bovine plasma. These plasmas contained a factor not 
present in mouse plasma which acted as a virulence cofactor. 
10 
The degree of virulence enhancement was found to be directly 
related to the fibrinogen content of the mixture. Thus it 
was found that mouse virulence involved the interaction of 
at least three factors. First, coagulase production in the 
strain of organism used, second, the fibrinogen content of 
the plasma and third, a cofactor found in human, rabbit or 
bovine plasma. Virulence enhancement could be temporarily 
reduced by incubation of the coagulase positive organism 
in the plasma at 370 C for 30 minutes. 
Gr~ (1957) inoculated mice intravenously wi th~. aureus 
and observed them for 16 d~s. Animals were sacrificed and 
cultures made of the spleen, liver, lungs and kidneys at 
1, 2, 5, 7, 9, and 14 d~s post infection. Histological 
and hematological studies were made at 1, 2, 4, 6, 10, 
and 16 d8¥s post infection as well. After inoculation the 
animals demonstrated a progressive increase in infection in 
these several organs characterized by the development of 
suppurative lesions formed by interstitial extension and 
coalescence of microfocal abscesses especially in the kidneys 
where the most extensive involvement was observed at ten d~s 
post infection. From these studies it was concluded that in 
mice as in rabbits, there is a tendency for an intravenously 
induced bacterial infection to localize in the kidneys. 
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Gorrill (1958) studied the formation of abscesses in the 
kidney following intravenous inoculation of organisms. He 
explained the abscess formation by the theory of independent 
action. Each abscess is formed by only one organism of one 
strain. When a mixed inoculum was injected, Gorrill found 
that death could be produced by several organisms of dif-
ferent strains but the individual abscesses were produced 
in the main by multiplication of a single organism. 
Hunt (1958) found that the mouse virulent .2.. aureus 
showed d~ffuse type growth in soft agar and grew. rapidly 
within th~'leukocyte elaborating delta hemolysin which 
destroyed the leukocyte. This released many cocci into 
the blood stream and eventually caused the anlmal's death. 
Elek (1957 and 1959) and Blair (1959) found the minimal 
infective dose of ~. aureus ranged between two and seven 
million organisms. They also discovered that 'With an ade-
quate dose, a purulent lesion could be produced regardless 
of whether or not the strain was toxigenic. Ischemia and 
foreign body reactions enhanced the infection. For instance 
the foreign body reaction around a suture containing approxi-
mately 30,000 organisms enhanced the infective capacity 500 
to 10,000 times. It was suggested that the factors delaying 
the normal defense mechanism allowed the critical pus forming 
dose to be reached. Ischemic areas enhanced the growth of 
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staphylococci by delaying the access of natural cellular 
and humoral defenses to the site where the cocci had lodged 
(Goshi, 1961). 
Fi sher (19&» and Lambert (19&» found that gamma 
globulin per se gave no protection to mice against acute 
staphylococcal infections. The protective effect that has 
been reported was thought to be due to the ten to twenty 
uni ts per ml of staphylococcal alpha anti toxin. 
Cul ture s of the Smith strain 90 B .2.. au:reus produced 
an antigen which in amounts of less than one microgram was 
able to protect mice against 100 LD50 t s of an intraperitoneal 
injection of the homologous bacteria suspended in mucin 
(Fisher, 1960). This antigen was heat stable, nondializable, 
and stimulated a negligible amount of anti-alpha hemolysin. 
The protection given by this antigen was transferrable by 
serum from immunized mice or goats to normal mice. This 
would suggest this protection to be due to antibody and not 
to a specific interference effect such as that described by 
North and Pawlyszyn (l9&» and Florrman (1961). 
Oeding (1960) differentiated pathogenic and non-
pathogenic strains of ~. aureus on the basis of coagulase 
production. By use of a bacterial press, whole organisms 
were di srupted and the capsular and cellular components 
extracted, purified and checked antigenic ally • It was found 
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that coagulase positive staphylococci of animal origin had 
their own antigenic patterns and contained very few antigens 
in common with human strains. In humans the presence of 
staphylococcal antibodies appeared to be due to previous 
.2- aureus infections. He used the slide agglutination 
method for typing.2- aureus. By means of agglutinin 
absorption with formalin killed bacteria used to absorb 
immune sera Oeding determined ten antigens and gave them 
letters A thru K. D antigen was found to be common to all 
yellow pigmented strains. 
Haukenes (1961) performed serological studies on types 
n Aft and "B',f staphylococcal polysaccharides by making acid 
and alcoholic extracts of whole cells that were disrupted 
by alternate freezing and thawing, treatment with urea and 
crushing in a bacteria press. Whole cel+ suspensions, dis-
rupted suspensions and acid and alcoholic extracts were 
examined serologically before and after fractionation. A 
polysaccharide antigen was isolated from the extracts and 
found to contain a 2-amino sugar as its major component. 
Haukenes found that following any fractionation procedure 
the nucleoproteins soon underwent degradation and so frac-
tionation should be performed with care. 
Cohn and Oeding (1962) prepared fluorescent antibody 
reagents and identified seven antigeniC factors of 
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staphylococci. They correlated fluorescent staining with 
agglutination reactions of coagulase positive staphylococci 
isolated from clinical specimens. Identification by the 
two methods correlated well. 
Morse (1962) isolated and purified a staphylococcal 
antigen that was capable of absorbing agglutinating antibody 
from antiQerum prepared against the Smith strain of .§.. aureus. 
This indicated that it was a surface component of this 
encapsulated .§.. aureus. It 'Was called Sm! th Surface Antigen 
(SSA). It did not produce precipitating antibodies in rab-
bits and reacted o~ywhen in high concentration with :anti-
sera to other .§.. aureus strains. Absorption of antisera 
to the Smith strain with SSA effectively removed opsonizing 
antibodies. Subcutaneous injection of 0.1 microgram. of SSA 
stimulated protection against a subsequent intraperitoneal 
challenge of 50 to 100 LD50 • s of .§.. aureus, Smith strain 
suspended in mucin. 
Koenig (1962) studied the factors relating to virulence 
of four strains of mouse-pathogenic staphylococci with an 
emphasis on antibacterial versus antitoxic immunity. He 
found that immunization with crude toxoid protected mice 
from otherwise lethal doses of alpha hemolysin but did not 
alter the mortality follOwing intraperitoneal infection with 
live .§.. aureus . Conversely, animals immunized with heat killed 
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va.ccines were readily killed by culture supernates containing 
alpha hemolysin, but were strikingly protected from other-
wise fatal intraperitoneal infection with viable staphylo-
cocci. Cohn (1962) as well as Kbenig found that protection 
following immunization with heat killed vaccines was directly 
related to the ability of the immunizing substance to promote 
early, rapid intraperitoneal phagocyte sis. Animals immunized 
with toxoid prepared from alpha hemolysin were protected 
against ordinar,y lethal doses of alpha hemolysin given intra-
peritoneally but died a toxic death following intraperitoneal 
injection of viable, replicating staphylococci. The anti-
alpha hemolysin di sappears from the serum. and f'ree alpha 
hemolysin elaborated by the replicating staphylococci is 
released and found in the peritoneal fluid at the time of 
death. These studies were repeated and confirmed by Fisher 
Yoshida (19(52) studied a mouse virulent strain of S. 
, -
aureus and two of its mutants. Immunoelectrophoretic pat-
terns of extracts made following disruption by sonic vibration, 
"X-press" extraction and ribonuclease digestion disclosed 
seven cellular and two cell wall antigenic components. 
Wiley and Wonnacot (1962) devised a semisynthetic media 
which induced formation of great quantities of' capsular 
material by a highly mucoid form of' .§:. aureus originally 
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isolated from a wound. This capsular material was partially 
chemically characterized. This material was used as CaPSU-
lar antigen throughout the work reported later in this thesis. 
Ekstedt (1963) found that the resistance of mice could 
be significantly increased by immunization with living, 
he~t killed or formalin killed vaccines. The dosage of 
vaccine administered as a single intraperitoneal injection 
was found to be of critical importance and the interval 
between immunization and challenge determined the degree 
of protection observed. With heat killed and formalin killed 
organisms an immunizing dose of the order of 109 organisms 
was necessar,y to stimulate a significant degree of resistance. 
With living organisms, however, the dose necessary to produce 
a significant degree of protection was close to the 1050 
which was 2.6 X 107 organisms. Fifteen to 2510 of the animals 
died in the intervaJ. between immuniz~tion and challenge. The 
immunity in mice following vaccination, regardless of the 
vaccine used, became maximal two weeks att~r immunization 
and returned to pre-immunization level after tour weeks. 
Cohen (1963) found. that germ tree mice had staphylo-
coccal antibodies in their serum. The latter appeared first 
at two roonths of age. By eight months of age germ free mice 
had a serum antibody titer equivalent to that seen in con-
ventional mice. Antigenic material was thought to stimulate 
antibody formation in germ free mice following absorption 
via the intestine. The presence of serum antibodies in 
these mice was detected by gel diffusion, agglutination 
and fluorescent antibody tests. 
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Lord Stamp (1961 and 1964) performed a number of experi-
ments to more clearly differentiate antibacterial ~ anti-
toxic immunity. His findings were similar to those of Koenig 
(1962) except that he was able to determine that antibacterial 
immunity was more likely to arise following infection with 
a small number of viable staphylococci that were weakly toxi-
genic. 
METlI)DS AND MATERIALS 
I. Experimental animals. 
A.. Rabbits. 
Healthy, male albino rabbits (OryctolagUS cuniculus) 
averaging four to five pounds each were obtained from 
a commercial source. They were caged and fed com-
mercial rabbit pellets, rolled grain and green vege-
tables. 
B. Mice. 
Four week old virgin, white mice (Swiss Webster 
strain) averaging twenty grams each were used through-
out this study. They were fed commercial mouse pellets. 
II. Cul ture media and chemical reagents. 
A. Sorensen buffer (hereafter referred to as BlI} buffer). 
1. Sodium monohydrogen 
phosphate (anhydrous) 9.10 gm 
Distilled water 






Thirteen ml of solution It I n was added to 87 ml of 
solution "2" and mixed well. The resulting pH was 
7.3 to 7.4. Thi s was marked as BNG buffer. 
B. Butfered saline. 







This solution was autoclaved at 121 0 C for 15 
minutes. After cooling, the pH of the solution was 
checked on a pH meter and adjusted to pH 7.2 to 7.4. 
C. Buffered nutrient glycerol broth (agar). 







If buffered nutrient glycerol agar was to be made 
20 grams of Difco agar was added to the above BNG 
broth and the media autoclaved for 15 minutes at 121 0 C. 











The above ingredients were added to one liter of 
distilled water, heated gently to put it into solution 
and then autoclaved for 15 minutes at 121 0 C. If 
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trypticase soy agar was to be made 20 grams of Difco 
agar was added to the above formula and the media auto-
claved for 15 minute s at 121 0 c. 
E. Blood agar. 
Difco Bacto-tryptose blood agar base was used: 
Bacto-tryptose 
Bacto-beef extract 






This was added to one liter of distilled water, dis-
solved by gentle heating and then autoclaved for 15 
minutes at 121 0 C. When the media had cooled to 
45 to 50 0 C, five percent by volume of defibrinated 
sheep red blood cells were added aseptically to the 
media and then poured into sterile Petrie dishes and 
allowed to cool. The plates were incubated for twenty 
four hours at 370 C to check for sterility. 
F. Anaerobic fermention of mannitol and glucose. 
This medium was suggested by the Subcommittee of the 
International Association of Microbiology Sciences 
(1965). It was devised to test the ability of patho-
genic ~. aureus to grow and produce acid from glucose 
and mannitol anaerobically in a peptone-yeast extract 
medium containing brom-cresol purple as an indicator 
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of acid production. The media was composed of: 
Tryptone f{).00 gm 
Yeast extract 1000 gm 
Manni tol (or glucose) 10.00 gm 
Agar (Difco) 2.00 gin 
Distilled water 1,000.00 ml 
The medium was adjusted to a pH of 7.0, distributed 
in 16 X 125 mm screw cap tubes filled 2/3 full and 
autoclaved at 121 0 C for 15 minutes. 
On the day of inoculation, the medium in 16 X 125 mm 
tubes was heated to boiling for 15 minutes to eliminate 
the dissolved oxygen in the tubes. The tubes were 
rapidly cooled to room temperature in a ,cold water 
bath. The cultures were then inoculated to the bottom 
of the tube and placed in a Brewer jar (Baltimore 
Biological Laboratories, Baltimore, Maryland) to obtain 
anaerobic conditions. An uninoculated tube was placed 
in the jar to act as a control. The cultures were 
then incubated at 370 C for two weeks and checked 
for growth and acid production. 
In the biochemical characterization of the ~. aureus, 
strain ~l, and the ~. epidermidis of skin origin, 
s. aureus, Parantheau strain, a known coagulase pro-
-
ducer and anaerobic fermentor of gluco se and mannitol 
was used. 
G. Biuret reagent. 
1. Saturated NaOH solution (approximately 18 N). 
Dissolve with caution and stirring, 500 grams of 
sodium hydroxide pellets in 500 ml of distilled 
water. Stopper and let stand several days until the 
supernatant i s clear, then decant into a pyrex or 
polyethylene bottle. 
2. Carbonate-free NaDH, 10~ (w/v). 
Dilute 42 ml. of clear saturated NaOH solution to 
300 ml with distilled wate~. 
3. Copper sulfate solution. 
Dissolve exactly 1.50 grams of copper' sulfate 
(CuOO4· 5~0) and 6.00 grams of potassium sodium. tar-
trate (NaKC 4H40 6· 4~0) in 500 In! of 1O~ NaOH and 
dilute to 1,000 ml with distilled water. Mix well 
and store in a pyrex or polyethylene bottle. This 
is stable unless a sediment forms. 
H. Span ether. 
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One ml of Span. 20 (Atlas Powder Com.pany, Wilmington, 
Delaware) is mixed with 99 ml of U. S. P. ether. 
Store in a cool pl~ce in a tightly stoppered bottle. 
I. Sodium sulfite, 2f!J1o (w/v). 
Dissolve exactly 28.00 grams of anhydrous sodium 
sulfite in 72 grams of distilled water at room 
temperature. Store in a tightly stoppered bottle. 
J. Preparation of partially purified capsular material. 
Tubes of semisynthetic casamino acids-glycerol 
broth were inoculated with a single colony of the 
wound, mucoid strain of ~. aureus and incubated at 
37° C for 12 hours on a model "c" constant speed 
rotary shaker (New Brunswick Scientific Company). 
These cultures were tested for encapsulation by a 
specific capsular reaction test. They were then 
aseptically transferred to 250 ml flasks containing 
100 ml of the media. These flasks were' incubated in 
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an identical manner for 18 hours and then aseptically 
transferred to two-liter flasks containing one liter 
of the medium. Incubation continued under the same 
condi tions. The acid produced by the organisms was 
neutralized twice daily by cautious addition of 
sterile potassium hydroxide (10~). After five d~s 
of incubation, formalin was added to a final concen-
tration of o. 5~. After contact with the formalin for 
48 hours, the cultures were inoculated onto sheep blood 
agar plates, incubated for 18 hours at 37° C and 
checked for sterility. 
The bacterial cells were removed from the pooled 
formalin-killed culture by centrifugation and the 
cell-free supernatant fluid treated as below. The 
preliminary lyophylization was carried out in a 
Pro c tor-Schwartz freeze drying unit. The material 
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was dialyzed against distilled water, using dialysis 
tubing 1 3/4 inches in diameter. The dialyzed material 
was reconcentrated to 250 ml in a Rinco rotating 
vacuum type evaporatory apparatus. This reconcen-
trated solution was made 4~ with respect to sodium 
acetate, and sufficient glacial acetic acid was added 
to lower the pH to 5.0. Chloroform and n-butanol 
were used for deproteinizing (Heidleberger, Kendall 
and Scherp, 1936). Addi tion of eight volumes of 95~ 
ethanol to the deproteinized aqueous solution of 
capsular material precipitated the bulk of the 
material. Lyophylization of this material yielded an 
amorphous, buff colored powder. A l~ aqueous solution 
of this product had a pH of 7.4. 
K. Hog gastric mucin, 5~ (w/v). 
Twenty grams of granulated hog gastric mucin (Wilson 
granular mucin, type 1701 W) was placed in a 600 ml 
beaker and 180 ml of distilled water was added to it. 
The mucin was thoroughly moistened by allOwing it to 
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stand at room temperature for thirty minutes. The 
sticky mass was then stirred and rubbed free of solid 
lumps" The mucin was autoc1aved at 121 0 C for 15 
minutes. The steam pressure was released very slowly 
from the autoclave or the autoclave was shut off 
completely and allowed to cool over night. This 
yielded a muddy, watery material that had a pH of 
After cooling, the pH of the mucin solution was 
adjusted to 7.3 with sterile 0.1 N sodium\hydroxide 
and glucose was added to two per cent using a sterile 
5O~ glucose solution. 
To prepare the live challenge doses u'sed in the pro-
tection tests and the 1050 estimations equal volumes' 
of the 10~ mucin solution and an appropriate dilution 
of live organisms suspended in broth or saline were 
mixed. The final suspension had 5~ hog gastric muc in, 
l~ glucose and the desired number of organisms per ml. 
As soon as such live challenge doses were made they 
were injected intraperi toneal1y into the animals to 
prevent contamination and change in the number of 
organisms per ml of vaccine through growth. 
III. Vaccines. 
A. Partially purified capsular material. 
Lyopbylized partially purified staphylococcal 
capsular material was weighed out and reconstituted 
with sterile pyrogen free, triple distilled water 
to give a final concentration of 2,000 micrograms 
(~gm) per rol. This stock solution was kept in the 
refrigerator and more dilutions ranging in concen-
tration from 0.1 f.J.StD. per ml to 800 IJ8D1 per ml were 
made from it. 
B. Staphylococcus aureus, strain NB-l. 
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Three buffered nutrient glycerol (BNG) agar plates 
were streaked with 2. aureus, strain NB~l, group I, 
phage type 29, 77, (52, 52A, 79, 80) obtained from a 
'stock culture. These cultures were incubated for 18 
to 24 hours at 37° C. From these plates a suspension 
made in BNG broth was adjusted to give a 0.38 optical 
density difference at 515 millimicrons (~) when 
read against a BNG blank on a Spectronic "ro" (Bausch 
and Lomb) spectrophotometer. A one liter flask of 
BNG broth was then inoculated with 10 ml of' this sus-
pension and this culture incubated at 37° C on a 
reciprocating (Eberback Company, Ann Arbor, Michigan) 
shaker for eleven hours. One ml of culture was removed 
wi th which to do viable plate counts and formalin 
added to a final concentration of 0.5;'. The flask 
was tightly stoppered and incubated at 37° C for 
twenty four hours. The formalin killed cuI ture was 
then streaked onto blood agar plates and incubated 
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at 37° C for twenty four hours to check for sterility. 
The formalin killed culture was centrifuged and the 
organisms washed three times with sterile, buffered 
saline pH 7.2 to 7.4. The organisms were then sus-
pended in 30 ml of sterile, buffered saline and 
aseptically dispensed into a sterile 50 ml vaccine 
bottle and marked as stock vaccine. 
From this stock suspension, a vaccine was made 
having a density equal to that of a MacFarland 3 
nephelometer tube. 
Viable counts on the live organism suspension were 
made by the pour-plate method and found to be 
54.8 X 10 7 organisms per ml. 
C. Staphylococcus epidermidis vaccine. 
Skin cultures were taken from several people. 
Several colonies having the appearance of .2- epidermidis 
were further characterized by testing for anaerobic 
manni tol and glucose fermentation. The organism 
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selected was then streaked on BNG' agar plates and incu-
bated for 18 to 24 hours. 
From these plates, a suspension of the organism 
was made in BNG broth and adjusted to read 0.38 
optical density (O.D.) difference when compared to 
a BI«l blank at 515 Jl1I..I. in the Spectronic 'foo" spectro-
photometer. One liter of BNG broth was inoculated 
with 18 ml of this suspension and the culture grown 
for 12 hours on a reciprocating shaker (Eberbach 
Company, Ann Arbor, Michigan) at 37° C. One ml of 
the broth culture was removed from the flask and 
formalin to a final concentration of O.5~ was added. 
The flask was tightly stoppered, incubated for 24 
hours at 37° C and the culture streaked on blood agar 
plates to cbeck for sterility. The formalin killed 
cul ture was then centrifuged and the organisms washed 
three times with sterile, butfered, saline~ The 
organisms were then suspended in 50 ml of sterile, 
buffered saline, aseptically dispensed into a 50 ml 
vaccine bottle and marked as stock vaccine. From 
this stock vaccine a working vaccine was made having 
the same density as a MacFarland nephelometer 'tube 3., 
Viable counts on the live suspension were made by 
the pour-plate method and found to be 94.6 X lOll 
organisms per mlo 
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D. Escherichia.£2!!. vaccine. 
Three blood agar plates were streaked with a known 
Escherichia coli strain and incubated for 18 to 24 
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hours at 37° C. The organisms were scraped from these 
plates and suspended in buffered nutrient glycerol 
broth. The broth suspension was adjusted to read 
0.38 O. D. difference when compared to a Blil blank. 
at 515 tIJI.L in the Spectronic "20 If spectrophotometer. 
A one liter flask of BID broth was inoculated with 
10 ml of this suspension and incubated fat 37° C on 
a reCiprocating shaker for eleven hours. One ml of 
the culture was removed for a viable count and. formalin 
to a final concentration of O.~ was added to the 
culture. The flask was tightly stoppered, incubated 
for 24 hours at 37° C and the cui ture streaked on 
blood agar plates and again incubated for 24 hours 
at 37° C to check sterility_ 
The broth cui ture was then centrifuged and the 
organisms washed three times with sterile, buffered 
saline. The organisms were then resuspended in 50 ml 
of sterile, buffered saline and aseptically dispensed 
into a sterile, SO ml vaccine bottle and marked as 
stock material. 
A viable count was made by the pour-plate method 
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and found to be 88. 7 X 10 organ! sms per ml. 
E. Live bacterial vaccines. 
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Live vaccines of .§.. aureus, strain NB-l, .2. aureus, 
8mi th strain 87'2, and.§.. aureus, wound strain, were 
ma(i.e. Each of the strains was inoculated onto three 
BNG agar plates and incubated for 36 hours at 37° C. 
The organisms were scraped from the plates and each 
made into a. homogeneous suspension in 5 ml of BNG 
broth. This suspension was used in making a final 
volume of 15 ml in BNG broth which had. ;the following 
O. D. readings when read in a Spectronic "20" 
spectrophotometer. 
BNG broth blank 





1 :160 dilution 









One ml of' the original 15 ml of' the suspension was 
used in making a viable count by the pour-plate tech-
nique. The average count on the wound strain was 
11 86 X 10 organi sms per ml. The average viable count 
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on the NB-l strain was 55.3 X 10 and that of the 
11 Smi th strain 872 was 81,6 X 10 • 
These live organisms were then diluted using loga-
rithmic qilutions in BNG broth and combined with 
sterile hog gastric mucin to give a final suspension 
containing a known number of micro-organif:)ms in a 
final conceritration of five per cent hog gastric 
mucin. 
F. .2,. aureus, Strain NB-l antigen (Boger antigen). 
One hundred ml of sterile trypticase soy broth was 
inoculated with one loopful of the previously des-
cribed.2,. aureus, strain NB-l, from a trypticase soy 
agar slant that had been incubated f'or 16 to 18 hours 
at 370 C. This broth culture was incubated for six 
hours at 370 C on a reciprocating shaker (Eberbach 
Company, Ann Arbor, Michigan) and then aseptically 
dispensed in three ml amounts into sterile, rubber 
stoppered test tubes and stored at minus 20 0 C. From 
one of these tubes a viable count showed the suspension 
contained 71. 3 X 10 7 organi sms per ml. Thi s suspension 
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was diluted using logarithmic dilutions in trypticase 
soy broth until a dilution was obtained that contained 
approximately 100 organisms per 0,,1 ml. This was the 
concentration of the stock antigen used in the Boger 
bacterial agglutination test. 
IV • Methods. 
A. Total protein determination. 
1. Micro-method. (Natelson, 19(1). 
Twenty lambda of serum was blown into one ml of 
biuret reagent from a twenty lambda, Lange-Levy micro-
pipet purchased from the Richard Allen Company, 
Chicago, Illinois. The serum-biuret mixture was mixed 
well on a Vortex mixer (Scientific Products Company, 
St. louis, Missouri) and allowed to stand at room 
temperature for thirty minutes. The tests were then 
read at 51W IDf.1 o. D. on the Coleman. Junior spectro-
photometer and the readings recorded. The unknown 
samples and controls were compared to known standards 
obtained from the American Society of Clinical 
Pathologists. 
2. Macro-method (Wolfson, 1948). 
Thi s method was used to determine the total protein 
content of the mouse ascites fluid. Two tenths ml 
of cell free ascites fluid was diluted to 5 ~ with 
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saline. To this was added 5 ml of biuret reagent. The 
contents of each tube were mixed well, allowed to 
stand at room temperature for 30 minutes and then the 
o. D. read on a Coleman Junior spectrophotometer at 
51«> l'DIl. A commercial standard obtained from the 
American Society of Clinical Pathologists was tested 
sirnul taneously and used as a standard in calculation 
of the total protein. 
B. Albumin determination. 
1. Macro-method (Wolfson, 1948). 
Two tenths ml of cell free ascites fluid was diluted 
to 5 ml wi th 2~ sodium sulfite solution. To this 
was added one ml of span ether. The contents of each 
tube were shaken and mixed well. The tube s were then 
centrifuged at 2,000 rpm for 5 minutes and 3 ml of 
the bottom aqueous layer removed by volumetric pipet, 
care being taken not to get any of the span ether or 
the globulin precipitate occurring at the interface 
into the pipet. This 3 ml of solution was placed in 
a clean test tube and 3 ml of biuret reagent added 
to it,. The contents of the tubes were mixed well, 
allowed to stand at room temperature for 30 minutes 
and then the optical density read on the Coleman 
Junior spectrophotometer. The albumin concentration 
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was calculated by comparison to a known standard ob-
tained rrom the American Society of Clinical 
Pathologists" 
C. Electrophoretic studies. 
1. Serum. electrophoresis on paper. 
Eight lambda or each or the mouse sera were inocu-
lated onto bufrer impregnated paper strips and electro-
phoresis carried out ror sixteen hours at 4.5 milli-
ampere (ma) in a Beckman paper electrophoresis cell 
(Durrum type, model R, series D from Beckman. Corpo-
ration, Palo Alto, California) containing a barbital,. 
sodium barbital buffer solution of pH 8.6 and using 
as power supply a Beckman Spinco Duostat, model RD-2 
(Beckman Corporation, Palo Alto, California). 
The paper strips were removed from the electro-
phoresis chamber and the protein coagulated by drying 
the strips ror thirty minutes in a hot air oven heated 
to 125 0 C. The paper strips were then stained in a 
one per cent solution of amido black lOB and rinsed and 
cleared in five successive rinses of 1:10 glacial 
acetic acid:absolute methanol solution. The strips 
were dried for 15 minutes in the oven at 125 0 C and 
then scanned and graphed on the Beckman Spinco Analytrol, 
model RB (Beckman Corporation, Palo Alto, California). 
The electrophoretic components were then calculated 
and recorded on each of the graphs according to the 
instructions in the Beckman. Analytrol manual 0 
2. Electrophoresis of ascites fluid on cellulose 
acetate 
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The Colab electrophoresis unit (Colab Laboratories, 
Inc" Chicago Heights, illinois) was used. Twelve 
and one-half centimeter (cm) Oxoid cellulose acetate 
strips (obtained from Van Waters and Rogers, Inc.) 
were moistened with a barbital:sodium barbital buffer 
of pH 8.6 and inoculated with 3 to 5 lambda of each 
ascites fluid and electrophoresis carried out for thirty 
minutes at a constant voltage of 300 volts and variable 
current. The strips were then dried in a hot air oven 
at 80° C to 100° C for ten minutes to one-half hour. 
The strips were stained with 0.2 per cent solution 
of ponceau "s" in three per cent trichloroacetic acid 
and cleared in four successive rinses of five per cent 
acetic acid. The strips were then cleared for scanning 
by immersion in a solution of 30~ acetic acid:ahsolute 
methanol for five minutes. The strips were then 
placed on clear glass plates and all the air bubbles 
and excess clearing solution removed from them. The 
cellulose acetate strips were then dried in a hot air 
oven at Boo C for ten minutes. The strips were then 
placed in clear plastic sleeves and scanned on a 
Beckman Spinco Analytrol, UDdel RB, equipped with the 
Beckman Mlcrozone scanning attachment, model R-102. 
The electrophoretic components were then calculated 
and. recorded on each of the graphs according to the 
instruction in the Beckman manual. Albumin :globulin 
ratios were determined from these patterns. 
V • Immunological techniques. 
A. Animal inoculation. 
1. Rabbit antiserum. 
Four rabbits averaging about five pounds each were 
identified and initially bled for 12 to f 15 ml of blood 
from a marginal ear vein. The blood was allowed. to clot 
at room temperature and stand at 40 C over night. The 
blood samples were then centrifuged for five minutes 
at 2500 rpm and the clear serum separated from the 
cells. The serum samples were labelled as pre-
immunization samples and placed in the deep freeze. 
The rabbits were then given 35 ~gm of partially 
purified capsular material per day intravenously on 
the same four consecutive days for four consecutive 
weeks. The animals were" allowed to rest for seven 
days and then trial bled from the marginal ear vein and 
the serum antibody titers determined. The animals 
were then given another series of four injections of 
capsular material.. Again they were allowed to rest 
for seven days. At this time the animals were bled 
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and the serum antibody titer of each rabbit was deter-
mined by the precipitin test, specific capsular reaction 
test, and the hemagglutination test. 
2 • Mouse anti serum. 
The mice to be used in these experiments were observed 
for two weeks to check freedom from disease. Theywere 
then marked and color coded with ordinary laboratory 
stains, bled from the supra-orbital sinus with capillary 
tubes and segregated into groups of ten! mice each. 
Pre-inoculation antibody titers were quantitatively 
or qualitatively determined by the specific capsular 
reaction test, hemagglutination test, precipitin test 
or the Boger bacterial agglutination test. 
The mice were then inoculated by the intraperitoneal 
route with either partially purified capsular material, 
live or killed whole suspensions of ~. aureus two days 
of each week for two consecutive weeks. The animals 
were allowed to rest for seven days. On the eighth 
day the mice were again bled from the supra-orbital 
sinus and the blood ei the:r pooled by group or stored 
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individually. After standing in the refrigerator over 
night, the c~ots were centrifuged at 2500 rpm for five 
minutes and the clear serum separated from the clot. 
The clots were discarded and the serum ass~ed for 
the presence of antibody by methods mentioned above. 
Routes of inoculation other than the intraperitoneal 
route were used, but it was found that the intra-
peri toneal route gave maximum antibody titers in the 
shortest length of time. 
3. Prod~ction of mouse ascites fluid. 
For several years now, investigators, in an attempt 
to obtain large volumes of hyperimmUne :fluids with 
which to work, especially in mice, have I used various 
types and strains of ascites tumor cells to produce 
hyperimmune ascitic fluid (Sarterelli, 1966). In 
this study a viable culture of the K II strain of 
ascites tumor cell was obtained from the National 
Inst! tute of Health and maintained in mice. In an. 
attempt to decrease the likelihood of any mutation in 
the cell line from exerting any noticeable influence 
upon the outcome of the study, the ascites fluid har-
vested from three or more mice was pooled, mixed well 
and then diluted 1:10 with physiological saline. Ten 
mice used in maintaining the K II cell line were then 
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inoculated intra peritoneally with 0.1 ml of this 1:10 
cell suspension. Tbe ascites fluid was collected 
from the mice between the 16th and 21st day. For con-
trols one group of ten mice was incoulated intraperi-
toneally with 0.1 ml of a 1:10 dilution of the pooled 
ascites fluid. They were observed for twenty d8\Ys, 
then sacrificed and the ascites fluid harvested. 
Sixty test mice were divided into six groups of ten 
mice each. Three groups were inoculated intraperi-
toneal1y with one-half ml of §. aureus, strain NB-l, 
formalinized vaccine and the other three groups were 
inoculated intraperi to ne ally with 25 ~ of capsular 
material. The injections were given on two days of 
each week for three consecutive weeks. The animals 
were then maintained on booster doses of 25 pgm of 
capsular material or one-half ml of staphylococcal 
vaccine given once a week for three more weeks. 
All groups of mice were then inoculated intraperi-
toneally with 0.1 ml of a 1:10 dilution of ascites 
tumor cells. At the same time the mice receiving the 
whole cell vaccine received another 0.5 ml of whole 
cell suspension and those receiving capsular material 
were given 50 r.r.gm of capsular material. 
On the sixteenth d~ following injection of the 
ascites tumor cells the mice began to die. On the 
seventeenth day the remaining living mice were sacri-
ficed and the ascites fluid harvested. The aDDunt 
obtained varied from 5 ml to 28 ml per Ul)use with an 
average of 15 ml per muse. 
The ascites fluid was allowed to stand for two hours 
or more at room temperature and then placed in the 
refrigerator over night. The cells were sedimented 
enmeshed in a fibrin coagulum.. The ascites fluids 
were centrifuged at 2500 rpm for ten minutes and the 
clear or cell free supernatant fluid poured off into 
separate containers. The supernatant :f'luids were 
then placed in the refrigerator over night and again 
centrifuged to remove any further fibrin clot that 
formed. This process was repeated until no more fibrin 
clots formed. 
The clear ascites fluids were tested for total pro-
tein, albumin and globulin and the albumin:globulin 
ratios calculated.. Electrophoresis was carried out 
on them. 
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VI. Serological techniques. 
A. Boger bacterial agglutination test. 
The mouse sera and mouse ascites fluid were inacti-
vated by heating at 56° C for thirty minutes in a 
water bath. The mouse sera and ascites fluids were 
diluted two-fold with trypticase soy broth beginning 
at 1:10 dilution and extending through 1:5120. A 
pool of human serum was tested in parallel with the 
mouse tests. 
To 0.1 ml of each se~~ or ascites fluid dilution 
was added 0.1 m.l of the standard .2. aureus, strain 
NB-l, antigen. These tubes were then mixed well and 
allowed to stand at room temperature '£0'1;' one hour. 
Then one ml of sterile trypticase soy broth was added 
to each tube, the contents of the tubes mixed well 
and the tests incubated at 37° C for 18 hours. The 
pattern of bacterial agglutination in each tube was 
read macroscopically. A positive test presented a 
diffuse bacterial sediment on the bottom of the tube, 
while a negative test exhibited a small compact button 
of sediment on the bottom of the tube. 
B. Coagulase test. 
This test was performed by using 0.50 ml of diagnostic 
plasma (Warner-Chilcott laboratories) mixed with one 
loopful of an 18 hour staphylococcal culture in but ... 
fered nutrient glycerol broth. This mixture was incu-
bated at 370 C in a water bath and the test result 
observed and recorded at three and twenty four hours. 
C. Hemagglutination test. 
Keogh (1947, 1948) was the first to report the 
agglutination of red blood cells sensitized with bac-
terial polysaccharides. Keogh (1947) also found that 
the polysaccharide components of bacteria were usually 
adsorbed spontaneously to erythrocytes while protein 
components were not. 
1. Rabbi t and mouse erythrocytes. 
Blood was obtained aseptically from healthy, young 
rabbi ts by intracardiac puncture and from heal thy, 
four week old mice by supra-orbital sinus puncture. 
The erythrocytes were collected in 4.2 per cent sodium 
ci trate solution and stored at 40 C. For each battery 
of tests, rabbit and mouse erythrocytes were washed 
three times with buffered saline and resuspended to 
a 2.5~ concentration in buffered saline solution. 
2. Antigen. 
A stock solution of partially purified capsular 
material having a concentration of 1:500 was made. 
Erythrocytes were sensitized by mixing equal volumes 
of 2.5 per cent cells and the 1:500 solution of capsu-
lar material. Sensi tization was accomplished by incu-
bation at 370 C in a water bath for two hours with 
frequent mixing to assure maximum contact between 
cells and capsular material. The cells were washed 
three times with buffered saline and resuspended to 
the original volume of the cells for use in the hemag-
glutination tests. 
3. Antisera. 
Blood was collected from both mice and rabbits 
immunized with capsular material. Blood was collected 
from the rabbits by intracardiac puncture and from the 
mice by supra-orbital sinus puncture. The blood from 
the mice was pooled. All blood collected was allowed 
to clot at room temperature and then placed in the 
refrigerator at 40 C over night. The serum was then 
separated following centrifugation for five minutes 
at 2500 rpm. All of the previous sera collected and 
stored in the deep freeze up to this point were thawed 
out, mixed well and the serological tests above per-
formed using these antisera. 
4. Test procedure. 
The technique used for the hemagglutination test 
was that described by Stavitsky (1953). Two-fold 
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dilutions were made of the test serum beginning at 
1: 10 and. extending to 1: 5120 • Five hundred th t s m.l 
of sensitized cell suspension was added to 0.5 ml of 
each dilution and control. The tubes were shaken, 
then incubated in a 37° C water bath for two hours. 
The tubes were then shaken again and placed in the 
refrigerator over night. The tests were read. macro-
scopically the following morning noting the sediment 
pattern on the bottom of each tube. A po si ti ve re sul t 
was manifested in the form of a thin uniform lE\Yer of 
red cells covering the bottom of the tube, a pattern 
showing irregular edges occurred in the presence of 
a marked excess of antibody. A negative result 
showed a firm button of cells on the bottom of the 
tube. For each test, controls of antigen, antiserum, 
and buffered saline were included. 
D. India ink preparations. 
These were made according to the procedure of Wiley 
and Wonnacot (1962). Broth cultures of §.. aureus were 
used. At various times beginning after 4 hours incu-
bation, one or two loopfuls of sterile India ink were 
mixed with one or two loopfuls of broth culture on 
a vaseline rimmed cover slip. The cover slip was then 
mounted on a 3 X 1 inch glass slide and sealed with the 
petrolatum. The excess fluid was squeezed from under 
the cover slip and the slide blotted with absorbent 
tissue. The India ink. mounts were then scanned for~ 
the presence of capsules. If capsule formation was 
present, a translucent halo was exhibited around the 
organism against the black background. 
E. Specific capsular reaction. 
The specific capsular reaction of encapsulated 
staphylococci was first described by Price and Kneeland 
(1954, 1956). Further investigation of this phenomenon 
was carried out by Wiley (1961, 1963). 
The specific capsular reaction was carried out using 
hyperirmnune antiserum. against the encapsulated "wound" 
strain of §. aureus isolated by Wiley (1959). Its 
capsule has been shown to represent a major capsular 
type of ~. aureus (Wiley, 1963). 
The technique for the specific capsular reaction 
was as follows: a loopful of a four hour to 24 hour 
broth culture of' organisms was mixed with one drop of 
rabbit antiserum and a small drop of' aqueous methylene 
blue on a vaseline rimmed cover slip which was then 
inverted on a microscope slide. The edges of the cover 
slip were sealed by applying gentle pressure to them. 
The overflow was removed with ab sorbent paper. The 
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slides were observed under the microscope at one hour 
and 24 hours and the presence or absence of a capsule 
noted. 
F. Serum antibody absorption. 
1. Mouse serum absorbed with Escherichia coli. 
-
In mo st instance s there was enough mouse serum. to 
make a 1:10 dilution of the serum with sterile trypti-
case soy broth. One-half m1 of a 1:10 dilution was 
added to 0.5 m1 of a heavy suspension of .§. aureus or 
Escherichia ~ that approximated the consistency of 
a tissue slurry. These tubes were mixed well, allowed 
to stand at room temperature for two hours, and then 
placed in the refrigerator at 40 C for ,48 hours. At 
the end of this time, the suspensions were mixed well, 
centrifuged and Boger agglutination tests done again 
on the supe~tant fluids. 
2. Mouse ascites fluid absorbed with .§.:. aureus, 
strain NB-l. 
One-halt m1 of a heavy suspension of .§. aureus, 
strain NB-l, was centrifuged at 2500 rpm for 15 minutes 
and the clear supernate discarded. One-half m1 of each 
of the ascites fluids to be absorbed was added to the 
sediment in each tube. The contents of each of the 
tubes was mixed well and allowed to stand at room 
temperature for two hours. The contents of the tubes 
were mixed again and the tubes stoppered and placed 
in the refrigerator at 40 C for one week. The absorbed 
ascit~s fluids were then centrifuged for 15 minutes at 
2500 rpm. The Boger bacterial agglutination test was 
then performed using the clear supernatant fluid of 
these absorbed ascites fluids. This test was done 
only on those mice irmnunized with the whole cell 
vaccine. 
VII. Mouse protection studies. 
Five groups of 30 mice each were observed for two 
weeks to see if they were free of disease. They were 
inoculated intraperi tone ally on two days of each week 
for two consecutive weeks with the following total 
dose of antigen or saline. Group 1 was given 2 ml 
of sterile physiological saline. Group 2 was given 
2 m.l. of formalin killed §. aureus, strain NB-l. Group 
3 was given 2 m.l. of formalin killed §. epidermidis. 
Group 4 was given 200 J,lgm of partially purified capsu-
lar material. Group 5 was given 0.08 !.18m of partially 
purified capsular material. 
Each of the five groups of thirty mic·e was then 
further subdivided into two groups of fifteen mice 
each. One group of fifteen mice was challenged 
VIII. 
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intraperitoneally with a 1:5 dilution of live ~ aureus 
wound strain, and the other group of 15 mice was 
challenged intraperitoneally with a 1:25 dilution of 
live ~ aureus, wound strain. Both challenge doses 
were made in five per cent hog gastric mucin. The 
animals were observed for seven days and the number 
of deaths and the per cent mortality tabulated. 
The dilution contained 1.72 X 1010 organisms 
per ml and the 1:25 dilution contained 3.44 X 108 
organisms per ml. A suspension this heavy was obtained 
by treating a culture of ~ aureus, wound strain, as 
described in section III E on page 33. 
LD 50 s~udies. 
Twe,lve groups of ten mice each were segregated and 
observed for one week. Then they were inoculated intra-
peritoneally with one ml Df a live suspension in 
five per cent hog gastric mucin and concentrations of 
live h aureus, strain NB-l, or a Smith variant 872 
6 8 
varying from 1 X 10 to 2 X 10 organisms per ml. 
These animals were observed for three days and the 
number of deaths in 72 hours recorded. 
The controls for this study were treated as indicated 
below. rrwo groups of ten mice each were segregated 
and observed for one week. One group of ten mice was 
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8 inoculated intra peri to ne ally with 2. X 10 . NB-.lorga-
nisms that had been boiled for ten minutes and su~-
pended in five per cent hog gastric mucin. The second 
group of ten mice was inoculated, intraperi toneally 
8 
wi th 2 X 10 organisms of §. aureus, Sm1 th variant 872, 
that had been boiled for ten minutes and suspended in 
five per cent hog gastric mucin. These control groups 
were observed for three da;ys and the number of deaths 
recorded. 
EXPERIMEN'rAL RESlJl,TS 
In this work, interest was concentrated primarily on 
the immunogenicity of the capsular substance. 
~. aureus, strain NB-l, from a stock culture and ~. 
epidermidis of skin origin were characterized by anaerobic 
fermentation of dextrose and mannitol and vaccines were 
made from them. India ink mounts and. specific capsular 
reaction tests were set up on broth cultures of both orga-
nisms at 4, 6, 8, 10, 12, and 24 hours of incubation. The 
~. aureus, strain NB-l, almost always had evidence of capsule 
formation between 4 and 6 hours. There was no evidence of 
capsule formation on the ~. epidermidis. 
Rabbi ts and mice were inoculated with the partially 
purified capsular material of Wiley and. Wonnacott (1962). 
An effort was made to confirm the presence of carbohydrate 
antibody reported by Julianelle (1934, 1935) and. Lyons (1937), 
and anti-capsular antibody reported by Price and Kneeland 
(1954), Morse (1962), and Wiley and Wonnacott (1962). Four 
heal thy wh1 te rabbits were inoculated intravenously with 
capsul~ material from ~. aureus, wound strain. Over a 
period of four weeks these animals received a total of 700 ~m 
of capsular material. They were rested for seven days, bled 
from a marginal ear vein and the presence of the anticapsular 
antibody assayed using the specific capsular reaction 
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(Lwons, 1937; Price and Kneeland, 1954; Cowan, 1939), precipi-
tin test (Julianelle, 1934 and 1935) and the hemagglutination 
test (Keogh, 1948; Stav1tsky, 1954). These results are sum-
marized in Table I. 
Mice were inoculated with 200 lJ.8ID. of the same capsular 
material using three different routes of inoculation, i.e., 
intravenous, subcutaneous, and intraperitoneal. It was found 
that the intraperitoneal route gave a maximum serum titer in 
a short period of time and was the easiest route of adminis-
tration. The animals were rested for seven d~s, bled from 
the supra-orbital sinus and the presence of anticapsular 
antibody tested. These results are summarized in Table II. 
When the tOOre COIDJD)nly used serological procedures 
failed to detect staphylococcal capsular antibody in the 
mouse serum, the Boger bacterial agglutination procedure 
was used (Boger, 1960). This test uses a 4 to 6 hour cul-
ture of live staphylococcal organisms suspended in two-fold 
dilutions of antisera diluted with broth and incubated at 
37° C for 16 to 18 hours. The tests were read macroscopi-
cally noting the sediment pattern on the bottom of the tube. 
Mice were grouped according to pre-immunization Boger 
serum titers and inoculated with either a formalin killed 
suspension of organisms or with total doses of capsular 
material varying from 0 .08 fJSm to 800 J,.Lgm. The animals were 
rested for seven d~s, bled from the supra-orbital sinus 
and the serum tested by the Boger bacterial agglutination 
method. These data are tabulated in Tables III and IV. 
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From these data it can be seen that 500 J.lgm of capsu-
lar material appeared to be the optimal do se for stimulating 
maximal capsular antibody. Any dose greater than 500 J.lgm 
did not appe$r to produce a Significantly greater capsular 
antibody titer. Five hundred J.18lD. of capsular material pro-
duced an antibody titer of 1:2384 compared to the titer of 
1:2056 produced by two ml of formalin killed~. aureus, 
strain NB-l. 
In doing these tests it was found that mice with a pre-
immunization titer of 1:160 or less gave a better antibody 
response to capsular material as measured by the Boger 
method than mice with a titer of 1:640 or greater. 
Boger agglutination tests were performed on serum ob-
tained from germ free mice and on two pools of human serum 
collected at a local ho spi tal laboratory. Each human serum 
pool contained serum collected from 3,500 to 4,000 patients. 
One pool was collected during the winter months and the other 
one was collected during the summer months. 
The Boger agglutination titer on the germ free mouse 
serum was 1:10 or less. The titer on the human pool of serum. 
collected during the summer months vas 1:640 and that col-
lected during the winter months was 1 :160 • 
TABIE I 
RABBIT BESPJNSE 'lD STAPHYIDCOCCAL CAPSULAR MATERIAL 
Specific capsular reaction 
Precipitin test 
Hemagglutination test 
Titer after immunization with 
capsular material 
Pre-immune 2~ J,.Lgm 700 JJ.gm 
Negative 21 4 
Negative 10,000,000 2 100,OOCl;lJOO 
10 3203 80 
1. Reciprocal of the highest dilution of serum exhibiting a positive reaction. 
2. Reciprocal of the highest dilution of capsular material reacting with 
undiluted rabbit antiserum. 
3. Reciprocal of the highest dilution of serum produci~ complete hemaggluti-




MOUSE RESPONSE TO CAPSULAR MATERIAL 
Specific capsular reaction 
Precipitin test 














MOUSE SERUM ANTIBODY TITERS BY BOOER BACTERIAL 
AGGLUTINATION 
Mice receiving 
2 ml S. aureus, strain NB-1 
2 ml S. ep1dermidis 
-" 








In Table V the data summarized appear to indicate that 
the capsular antibody was specific. Mice were inoculated 
wi th each of the suspensions or doses of capsular material. 
A minimum of ten mice having a serum Boger titer of 1:1280 
or greater were used. This titer was selected because it 
represented a four-fold increase or more in the serum 
titer over the pre-immunization titer. In the absorption 
studies if this titer decreased four-fold or more the 
absorption was judged to be significant. These absorption 
studies were performed as described in section VI F page 46. 
The mouse sera were absorbed with an equal volume of 
the formalin killed whole suspension of NB-l for 48 to 72 
hours at 40 c. The absorbed sera were centrifuged and the 
Boger tests performed on the supernatant fluids. It can 
be seen that the Boger titer on the absorbed serum super-
natant fluids decreased four-fold or more from the serum 
titer existing before absorption with the killed suspension. 
In an attempt to determine whether or not this anti-
body was specific, immune mouse sera were absorbed with 
formalin killed NB-l organisms and formalin killed 
Escherichia ~ organisms. After a minimum absorption 
time of 48 to 72 hours at 40 C, the Boger agglutination test 
was performed using the supernatant fluids. These data are 
summarized and tabulated in Table VI. 
TABlE V 
EFFECT OF ABSORPTION BY STAPHYIDCOCCUS aureus, STRAIN NB-.l, ON MOUSE 
SERUM TITERS 
Mice immunized with: 
2 m1~. aureus, strain NB-1 
2 ml ~. epidermidis 
100 J.l.sm capsular material 
400 ~m capsular material 























EFFECT OF ABSORPTION BY STAPHYWCCCCUS aureus AND ESCHERICHIA coli 
Mice immunized with: 
2 ml S. aureus, strain NB-1 
2 ml ~. epidermidis 
100 J,lgm capsular material 
1. Mean titers per ten mice. 





















Total serum protein determinations were done on mouse 
serum before and after immunization. The range and average 
total protein value for both the normal mice and the mice 
immunized with 2 ml of 2. aureus, strain NB-l, were essentially 
the same. The mice immunized with capsular material exhibited 
a narrower range total protein with an average total protein 
of 6.40 grams per cent. These data are summarized in Table 
VII. 
Paper electrophoresis of these same mouse sera were 
done and the results tabulated in Table VIII. These findings 
parallel those of the total serum protein determinations. 
There was no difference in the albumin, alpha-lor alpha-2 
globulin of any of the three groups of mice. There was an 
average decrease of 0.32 grams per cent in the beta globulin 
of the normal mice and the beta globulin of the mice immu-
nized with 100 fJ.gms of capsular material. The average 
gamma globulin of those mice immunized with 2 ml of NB-l 
organisms was 1.4~ grams per cent while that of the other 
two groups was 1.19 and 1.15 grams per cent. 
If the mean values for beta and gamma globulin are 
taken for each of the normal mice and compared to the beta 
and gamma globulin of these same mice after immunization 
wi th capsular material, it is found that the mean beta globu-
lin concentration of 1.62 grams per cent before immunization 
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dropped to 1.48 grams per cent after immunization. The 
gamma globulin of 1.10 grams per cent before immunization 
increased to 1,,15 grams per cent after immunizationo These 
data are tabulated in tables IX and X. No significance can 
be attributed to these findings. 
It was noted that those animals immunized with whole 
organisms exhibited a higher antibody response than those 
immunized with capsular material. Figures I through IV 
show the electrophoretic pattern of mouse serum before and 
after immunization. Figures I and II show the immunological 
response to capsular material and figures III and IV show 
the response to NB-l whole organisms. 
It was difficult to get large volumes of mouse anti-
serum so an attempt to obtain large volumes of hyperimmune 
ascitic fluid was made. A viable culture of the K II 
strain of mouse ascites tumor cell was obtained from the 
National Institute of Health, Bethesda, Maryland. Three 
groups of mice were used, one group of normal mice, one group 
immunized with capsular material and one group immunized 
with NB-l whole organisms. After immunization each of the 
mice was inoculated intraperitoneally with 0.1 ml of a 
1:10 dilution of the tumor cells. These animals were observed 
for approximately three weeks, then sacrificed and the 
TABIE VII 
TOTAL SERUM PROl'EIN ON MOUSE SERUM 
Mice immunized with: Range gms'h Aver!!Se sms! 2 S.D. 1 
Normal mice 2 5.75 - 7.84 6.962 1.382 
2 ml ~. aureus, strain NB-l 5.78 - 7. 55 6.96 1.32 
100 IJ.gm capsular material 5.65 - 7.20 6.40 0.84 
1. Two standard deviations (95~ confidence limits). 
2. Values based on determinations on 28 normal mice, 10 mice inoculated with 
capsular material and 7 mice inoculated with 2 ml of ~. aureus, strain NB-l. 
Ri 
TABLE VIII 
PAPER ELECTROPHORETIC CQ.{PONENTS OF MOUSE SERA 







1.12 - 2,92 
0.21 - 1.19 
0.60 - 2.14 
1.11 - 2.94 














1.20 - 2.52 
0.34 - 0.67 
0.92 .., 1.83 
1.27 - 2.31 






Mice inoculated with 2 ml of NB-l organisms 4 
Albumin 1.62 - 2.81 2.08 
Alpha-l globulin 0.26 - 0.89 0·51 
Alpha-2 globulin 1.22 - 1.39 1.32 
Beta globulin 1.32 - 1.81 1.58 
Gamma globulin 1.09 - 1.77 1.44 
1. Two standard deviations (95tj confidence limits). 
2. Values obtained from 27 normal mice. 
3. Values obtained from 10 mice. 
4. Values obtained from 7 mice. 
















Electrophoresis carried out with 4.5 milliamperes for 16 
hours. Paper strips stained with Amido Black and scanned 
and calculated according to the Beckman analytrol manual. 
TABIE IX 
PAPER EIECTROPHORESIS OF NORMAL MOUSE SERUM 
'!btal 1 2 Mouse protein Albumin Globulins ~S!!!!2 
number gma! gm!! Alpha-1 Alpha-2 Beta Gamma 
-
1 6.13 1.21 0.16 1.60 1.68 0.88 
2 1.06 2.23 0.32 0.90 2.21 1.30 ' 
3 6.14 2.23 0.45 1.13 1.70 1.23 
4 1.19 2.31 0.65 1.12 1·50 1.01 
5 6.12 1.98 0.43 1.26 1.38 1.08 
6 1.59 2 .. 92 0.28 1.18 1.58 1.63 
1 1·59 2·52 0·52 1.01 2.14 1.34 
8 5· 76 1.91 0.34 1.21 1.29 0.89 
9 5.88 2·58 0.21 1.25 1.31 0.41 
10 6.49 2.03 0.49 1·53 1.21 1.17 
Average 6.66 2.20 0.45 1.29 1.62 1.10 
2 S.D. 3 1.28 0.84 0.28 0.44 0.48 0.56 
1. Total protein determined by the Wolfson biuret method. 
2. Concentration of globulins determined from electrophoresis pattern. 




PAPER ELECTROPHORESIS OF SERUM FRQ.f MICE IMMUNIZED WITH CAPSULAR MATERIAL 
Total 1 2 Mouse protein AJ.bumin Globulins 'gm~) 
Number gms! sma! Alpha-l AlEha-2 ~ 
1 6.18 1.62 0.66 1.36 1·51 
2 6.25 2.29 0.41 1.14 1.29 
3 6.25 1.89 0.56 1.16 1.47 
4 6.60 2.08 0.48 1.43 1.35 
5 6.15 2.31 0.34 1.14 1.27 
6 1·20 2.52 0.61 1.21 1.41 
7 5.65 1.73 0.40 0.92 1.42 
8 6.36 1.96 0.56 1.30 1.44 
9 6.60 2.19 0·50 1·37 1.29 
10 6.75 1.20 0.47 1.83 2.31 
Average 6.40 l.'98 0;51 1.29 1.48 
2 S.D. 3 0.76 0.72 0.22 0.40 0·52 
1. Total protein determined. by the Wolfson biuret method. 
2. Concentration of globulins determined trom electrophoresis pattern. 



































Figure I. Paper electrophoresis of serlllD: from a mouse immunized with 








---- before immunization 
after immu:n1zat10n 
,obulin 
Figure II. Paper electrophoresis of serum from a DJ:.)use immunized with 







Figure III. Paper electrophoresis of serum. from a mouse iDlllunized with 









Figure IV. Paper electrophoresi s of serum from a mouse immunized with 
2 ml of whole cells of S. aureus strain NB-l. 
0'\ 
\0 
ascites f~uid harvested and processed as described in the 
methods and materials section. 
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The total protein determinations performed by the Wolfson 
biuret method on these ascites fluids are summarized and tabu-
lated in Tables XI, XII, and XIII. The average total proteins 
on the ascites fluids varied from 1.67 grams per cent to 
2.10 grams per cent less than the average total serum pro-
teins li sted in tables VII and VIII. The albumin and globu-
lin content in the ascites fluid is higher than that seen in 
the sera but the albumin:globulin ratios are still similar. 
This is the condition seen in peritoneal exudates. In 
these studies, as in others, the mice immunized with capsu-
lar material have the smallest average amount of albumin 
(2 .27 gma;,) and globulin (2.23 gma;,) compared to those of 
the mice immunized with whole NB-l organisms which had an 
albumin of 2.30 gma;, and a globulin of 2.56 gma;, and those 
of the normal mice which had an albumin of 2. 75 gma;, and a 
globulin of 2. 53 gma;,. 
Electrophoresis of the ascites fluids from these three 
groups of mice was done on cellulose acetate strips. These 
values are tabulated and summarized in Tables XIV, rv, and 
XVI. Representative electrophoretic tracings of the ascites 
fluids are seen in figures V, VI, VII, and VIII. 
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The same total protein values are used in Tablel$ XI 
through XVIII. In these protein studies on ascites fluids, 
the mice immunized with the capsular material had the lowest 
average total protein and total globulin of any of the three 
groups. This finding is similar to that found in the serum 
protein studies tabulated in Table VII. 
The ascites fluid of the mice ·immunized with the NB-I 
whole o~ganisms had the highest average total globulin. 
This finding was similar to that seen in the total serum 
protein determinations. 
In the electrophoretic analysis of the as~ites fluids, 
the normal mice had the highest albumin, alpha-I, and alpha-2 
globulin. The mice immunized with NB-I organisms had the 
lowest albumin, and alpha-l globulin and the highest gamma 
globulin.. The mice immunized with capsular material had the 
lowest alpha-2 and beta globulin. 
In these studies the mice immunized with the whole NB-I 
organisms had approximately two and one-half times as much 
gamma globulin as the normal mice. The g8.l!lll8. globulin of 
the ascites fluid of mice immunized with capsular material 
was only 25; greater than the gamma globulin of the normal 
mice. 
Boger titers run on these ascites fluids were all less 
than 1:320 except for one or two mice that received whole 
TABIE XI 
PROTEIN CONTENT OF NORMAL MOUSE ASCITES FLUID 
Mouse Total proteinl Albumin1 Globulin A:G 
Number sm~ sms! sm!! Ratio 
1 5.05 2.59 2.46 1.05 
2 5.83 3·00 2.83 1.06 
3 5·77 3.00 2·77 1.08 
4 5.35 2.83 2.52 1.12 
5 4.87 2.24 2.63 0.85 
6 5·47 2.94 2·53 1.16 
7 5·17 3.00 2.17 1.38 
8 5·53 3·00 2·53 1.18 
9 4.57 2.24 2.33 0.96 
Average 5·29 2.76 2·53 1.09 
2 S.D. 2 0.83 0.65 0.41 
1. Total protein and albumin determinations were made by 
the WOlfson biuret macro-method. 
2. Two standard deviations (95~ confidence limits). 
TABIB III 































PROTEIN CONTENT OF ASCITES FLUID FRCM MICE INOCU-
LATED WITH FORMALIN KILLED NB-1 WHOLE ORGANISMS 
Mouse 1 Total protein Albumin1 Globulin A:G 
number sm~ sm!! ' sm!! Ratio 
1 5·59 2.54 3.05 0.82 
2 4.99 3.12 1.87 1.66 
3 3.61 1·59 2.02 0.79 
4 6.19 2.71 3.48 0.78 
5 5·71 2.71 3.00 0.90 
6 3.61 1·59 2.02 0·79 
7 4.75 1.95 2.80 0.70 
8 4.45 2.18 2.27 0.96 
Average 4.86 2.30 2.56 0.93 
2 S.D. 2 1.90 1.12 1.19 
1. Total protein and albumin determinations were made by the 
Wolfson biuret macro-method. 
2. Two standard deviations (95;' cOnfidence limits). 
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TABU: XIII 
PROTEIN CONTENT OF· ASCITES FLUID FRCM MICE INOCULATED 
WITH 100 J.LGM OF CAPSULAR MATERIAL 
Mouse 1 Total protein Albuminl Globulin A:G 
nunfuer 8m!! 8m!! gmsj, ratio 
1 4.09 1.95 2.14 0.91 
2 5·23 *** **** **** 3 4.03 2.06 1.97 1 .. 04 
4 4.28 2.30 1.98 1.16 
5 4.39 2.30 2.09 1.10 
6 4.93 2.48 2.45 1.01 
7 4.21 2.18 2.03 1.07 
8 4.57 2.24 2.33 0.96 
9 4.81 2.42 2.38 1.01 
10 4.93 2.48 2.45 1.01 
11 4.81 2.48 2.33 1.06 
12 2.97 2.00 0.97 1.02 
13 4.51 2.24 2.27 0.98 
14 4.57 2.18 2.39 0.91 
15 4.93 2.53 2.40 1.05 
Average 4.55 2.27 2.23 1.02 
2 S.D. 2 0·77 0.38 0.38 
1. Total protein and albumin determinations were made by 
the Wolfson biuret macro-method. 
2. Two standard deviations (95'fo confidence lim.! ts) • 
TABIE XIV 




Mouse protein Alpha-1 Alpha-2 Beta Gamma globulin A:G 
number S!!s;, 8m!! sm~ sm!! ~ 8m!! i!!! ~o 
1 5·05 2.792 0.386 0.418 1.126 0.322 2.252 1.24 
2 5·83 3.245 0.345 0.574 1.293 0.373 2.590 1.25 
3 5·77 3.231 0.259 0.608 1.298 0.375 2.540 1.27 
4 5·35 2.745 0.422 0.528 1·373 0.281 2.600 1.05 
5 4.87 2.629 0.292 0.487 1.169 0.292· 2.240 1.17 
6 5.47 3.088 0.385 0.821 0.912 0.264 2.380 1.29 
7 5·17 2.698 0.454 0.568 1.165 0.284 2.470 1.09 
8 5·53 2.954 0.378 0.653 1.271 0.275 2.580 1.10 
9 2.16 1.196 0.216 0.199 0.398 0.149 0.960 1.25 
10 4.57 2.396 0.275 0·525 1.049 0.351 2.200 1.09 
Average 4.98 2.697 0.341 0.538 1.105 0.297 2.280 1.18 
2 S.D. 3 2.00 1.124 0.126 0.296 0·532 0.108 0.924 
1. The total proteins were determined by the WOlfson biuret method. 
2. The albumin and globulin components were estimated from the number ot square centimeters 
3. 
contained under each peak on the electrophoretic tracing. 
TWo standard deviations·(95~ confidence limits). 
jf 
-TABLE 'XV 
CELLUIDSE ACETATE ELECTROPHORESIS OF ASCrI'ES FWID FROM MICE INOCULATED 




Mouse protein1 Alpha-1 Alpha-2 Beta Gamma globulin A:G 
number sm!! sm~ sm!! sm!! ~ Sma;, sm~ !:!llo 
1 5·59 2.675 0.278 0.479 1.398 0·759 2.910 0.92 
2 4.99 2.477 0.349 0.384 1.221 0.593 2·550 0.97 
3 3.61 1.899 0.190 0.244 0.569 0.706 1.710 1.11 
4 6.19 3.278 0.398 0.398 1.317 0.796 2.910 1.09 
5 5·71 3.026 0.413 0·550 1.032 0.687 2.680 1.13 
6 3.61 1.909 0.264 0.352 0.616 0.469 1.700 1.12 
7 4.75 1.911 0.260 0.4j5 1.042 1.100 2.830 0.67 
8 4.45 2.225 0.287 0.323 0.933 0.646 2.190 1.02 
Average 4.86 2.425 0·305 0.396 1.016 0.']20 2.440 0.98 
2 S.D. 3 1.78 0.996 0.126 0.166 0.564 0.340 0.948 
1. The total proteins were determined by the WOlfson biuret method. 
2. The albumin and globulin components were estimated f'rom the number of' square centimeters 
contained under each peak on the electrophoretic tracing. 
3. Two standard deviations (95;' confidence lim! ts) • 
~ 
TABLE XVI 
CELLUIDSE ACETATE ELECTROPHORESIS OF ASCITES FLUID FR~ MICE INOCULATED 




Mouse protein Alpha-1 Alpha-2 Beta Gamma globulin A:G 
number S!!!! sm!! sm!! sm~ sm~ sm~ S!!! ratio 
1 4.09 2.366 0.270 0.237 0.946 0.270 1.720 1·37 
2 5·23 2.162 0.263 0.759 1.461 0.584 3.070 0.70 
3 4.03 2.351 0.240 0.240 0.767 0.432 1.680 1.39 
4 4.28 2·573 0.297 0.346 0.693 0·311 1.710 1·50 
5 4.39 2.324 0.290 0.355 1.065 0.355 2.070 1.12 
6 4.93 2.888 0.398 0.323 0.946 0.348 2.020 1.43 
7 4.21 1.955 0.864 0.338 0.152 0.301 2.260 0.87 
8 4.57 2·575 0.225 0.418 0.965 0.386 1.990 1.29 
9 4.81 2.951 0.328 0.292 0.838 0.401 1.860 1.58 
10 4.93 3.341 0.274 0.328 0.657 0.328 1·590 2.10 
'11 4.81 2.602 0.197 0·552 1.025 0.433 2.210 1.17 
12 3·91 1.929 0.285 0.359 0.762 0.628 2.030 0.95 
13 4.51 2.494 0.307 0.239 0.024 0.444 2.020 1.23 
14 4.57 2.413 0.341 0.341 0.851 0.596 2.130 1.13 
15 4.92 2.739 0·395 -0.426 1.034 0.335 2.190 1.24 
Average 4·55 2·512 0.332 0.370 0.919 0.414 2.040 1.27 
2 S.D. 3 0.74 0.118 0.296 0.252 0.378 0.200 0.680 
1. The total proteins were determined by the Wolfson biuret method. 2. The albumin and 
globulin components were estimated from the number of square centimeters under each peak 
on the electrophoretic pattern. 3. Two standard deviations (95~ confidence limits). 
::l 
Total protein - 4. 57 gm~ 
Albumin 2.396 gms~ 
Alpha-1 0.275 gms~ 
Alpha-2 o. 525 gmffl, 
Beta 1.049 gm~ 






Figure V. Cellulose acetate 






Total protein - 4.81 gms;, 
Albumin 2.602 gmfi1, 54.09 'f, 
Alpha-l 0.197 gms'f, 4. 09 'f, 
Alpha-2 0.552 gmfi1, 11.47 'f, 
Beta 1.025 gms;, 21.31 'f, 
Gamma 0.433 gms;, 9.01 'f, 
Figure VI. Cellulose acetate electrophoresis of ascites 
fluid from a mouse immunized with 100 ~gm of capsular 
material. 
Total protein - 4. 75 gmrJl, 
Albumin 1.9ll gma;, . 40.24;' 
Alpha-1 0.260'gms;, 5.48 ;, 
Alpha-2 0.435 ~ 9.15 ;, 
Beta 1.042 gmEf/, 21 .. 94 ;, 
Gamma 1.100 gma;, 23.17 ;, 
Figure VII. Cellulose acetate electrophoresis of ascites 
fluid from a mouse immunized with 2 ml of whole organisms, 









Figure VIII. Cellulose acetate electrophoresis of ascites 
fluid from a mouse immunized with 2 ml whole organi sms, 
.2- aureus, strain NB-l and absorbed with a suspension of 
strain NB-l f.or seven days. 
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NB-l organisms. To learn whether the ascites fluids from 
the mice immunized with NB-l suspensions contained any anti-
body, one-half ml of each of the ascites fluids was mixed 
with one-half ml of a heavy suspension of formalin killed 
~l organisms and absorbed for seven days at 40 c. These 
ascites fluids were centrifuged and electrophoresis of the 
supernates performed on cellulose acetate strips. Total 
protein determinations were not done on these absorbed 
supernatant fluids so the electrophoretic components were 
calculated as per cent of the total protein as determined 
by the electrophoretic tracing. These data are sunmarized 
in Tables XVII and XVIII. In almost every instance the 
gamma globulin ot the absorbed supernatant fluid was 
decreased two fold or more and in two instances the gamma 
globulin was completely absorbed. The average gamma globulin 
after absorption was decreased two fold when compared to 
the average gamma globulin before absorption. This is demon-
strated by the electrophoretic patterns in figures VII and 
VIII. 
The 1050 dose was estimated on several occasions. Tables 
XIX, XX, and XX~ are representative of the number of organisms 
that constituted a fifty per cent mortality in a group of 
white laboratory mice. Table XIX shows that 20 to 30 per 
cent of the deaths in 72 hours were produced by the maximum 
TABIE XVII 
ELECTROPHORESIS OF ASCITES FLUID FROM MICE INOCU-
LATED WITH NB-1 WHOIE ORGANISMS 
Mouse Determined as ;eer cent of total Erote1n 
number Albumin Alpha-1 AlEha-2 ~ Gauma 
1 47.86 5.00 8.57 25·00 13·57 
2 49.65 6.99 7.69 24.47 11.89 
3 52.63 5.26 6.76 15.78 19·55 
4 52·97 6.44 6.44 21.29 12.87 
5 53·01 7.26 9.64 18.07 12.04 
6 52.84 7·31 9·75 17.07 13.00 
7 40 .. 24 5.48 9.15 21.94 23.17 
8 50.00 6.45 7.26 20.98 14.51 
Average 49.90 6.27 8.16 20.57 15·08 
Electrophoresis was done using cellulose acetate strips. 
TABLE .XVIII 
ELECTROPHORESIS OF MOUSE ASCITES FLUID ABSORBED 
WITH NB-1 WHOLE ORGANISMS 
Mouse Determined as Eer cent of total Erotein 
number Albumin Al;eha-1 AlEha-2 ~. Gamma 
1 51.75 5.59 7.69 28.67 6.29 
2 61.31 0.00 11.67 27.00 0.00 
3 77.27 0.00 0.00 22·72 0.00 
4 51.70 0.00 21.78 18.37 8.16 
5 55.17 0.00 13.79 23·10 8.04 
6 55·17 0.00 13·79 23·10 8.04 
7 48.59 7.47 9.34 24.29 10.28 
8 59,.40 7.92 7.92 18.81 5.94 
Average 57·55 6.73 12.28 23.26 7.79 
Electrophoresis was done using cellulose acetate strips. 
These animals were immunized with NB-1 whole organisms and. 
the ascites fluid absorbed with 0.5 ml of whole NB-1 
organisms for seven days at 4° C. 
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number of killed organisms administered. These organisms 
were killed by boiling for ten minut~s and then injected 
intraperitoneally in five per cent hog gastric mucin. 
Table XX shows that 7.8 x 107 live NB-I organisms 
in five per cent hog gastric mucin constituted an LD50• 
Table XXI shows that less than 106 s. aureus, strain 872, 
constituted one 1050• 
Mouse protection tests were performed on groups of 
mice immunized as shown in tables XXII and XXIII. These 
were challenged with different dilutions of ~ live vaccine 
of ~. aureus, wound strain, suspended in five per cent hog 
gastric mucin. The total number of deaths in seven days 
after challenge are Ii sted in the column marked t17 days 
after challenge. ff 
In all experiments of this type, the mice that were 
destined to die, did so within the first two days. 
TABIE XIX 
EFFECT OF KILIED SUSPENSIONS OF STAPHYWCOCCUS AUREUS ON CONTROL MICE 
Deaths after indicated d![s: 
total deaths! 
Mice i!!Jected with: d~ 1 da;y 2 day 3 total injected 
8 2 X 10 strain NB-1 1/10 1/10 1/10 3/10 











ESTIMATION OF ID50 IN MICE INOCULATED WITH STAPHYLOCOCCUS aureus, 
NB-l IN HOG GASTRIC MUCIN 
Deaths after indicated d!ls: 
total deaths! Number of 
organisms d!l 1 day 2 d!l 3 total injected 
1.975 X 108 3/10 1/10 0/10 4/10 
9.875 X 107 1/10 5/10 0/10 6/10 
1.975 X 107 0/10 1/10 0/10 1/10 
9.875 X 106 1/10 1/10 0/10 2/10 
1.975 X 106 1/10 2/10 1/10 4/10 
9.875 X 105 1/10 2/10 0/10 3/10 
By the method of Miller and Tainter (1944) the LD50 was calculated to be 7.8 X 107 organisms 











ESTIMATION OF IDSO IN MICE INOCULATED WITH STAPHYLOCOCCUS aureus 
STRAIN 872 IN Hoo GASTRIC MUCIN 
Deaths after indicated d!ls: 
total deaths! Number of 
organisms d& 1 d& 2 d& 3 total inj ected 
2.04 X 108 10/10 0/10 0/10 10/10 
1.02 X 108 6/10 3/10 0/10 9/10 
2.04 X 107 3/10 3/10 2/10 8/10 
1.02 X 107 5/10 1/10 0/10 6/10 
2.05 X 106 5/10 1/10 0/10 6/10 
1.025 X 106 4/10 0/10 1/10 5/10 
By the method of Miller and Tainter (1944) the LD50 was calculated to be less than 106 
organisms. The Standard Error could not be calculated from these data. 
~ 
TABLE XXII 
CHALLENGE WITH ENCAPSULATED STAPHYLOCOCCUS aureus IN 5% HOG GASTRIC MUCIN 
Mice imnnmized with: 
2 ml saline ( control ) 
2 ml 2.:. aureus, NB-l 
2 ml .§.:.. epidermidis 
200 ugm capsular material 
0.08 ugm capsular material 
Deaths after indicated dgrs: 



























x2_ Chi square value for each group compared to the saline control. 
Mice were challenged with 1.72 X 1010 organisms. This concentration of organisms was 
obtained by diluting 1 ml of packed organisms to 5 ml. 








CHALLENGE WITH ENCAPSULilTED STAPHYLOCOCCUS aureus IN 5% HOG GASTRIC MUCIN 
Deaths after indicated days: % mortalit~ 
= Mice immunized with: day 1 dal..3. day 7 day 1 day 7 
2 m1 saline (oontrol) 9/13 1/13 10/13 69.2 76.9 
2 ml h aureus, NB;.;.l 5/15 2/15 8/15 33.3 53.3 
2 ml S.epiEi€nnidis 6/15 0/15 6/15 40.0 40.0 
200 ugm capsular material 11/15 1/15 12/15 73.3 80.0 
0.08 ugm capsular material 10/15 3/15 14/15 66.6 93.3 
x2. - Chi square value for each group comparerl to the saline .control. 
Mice were challenged with 3.44 X 108 organisms. This 'concentration of organisms was 
obtained by diluting 1 ml of packed organisms to 25 ml. 








The first hint of antibacterial immunity in staphylococcal 
disease was suggested by the work of Panton and Valentine 
in 1929. From then until 1960 most of the immunological 
studies were concerned with antitoxic immunity with only an 
occasional paper being published that suggested the possible 
existence of antibacterial immunity to Staphylococcus. After 
1960 several papers were published dealing with antibacterial 
immunity to ~. aureus (Coe, 1966; Cohen, 1962, 1963, 1964; 
Daugherty, 1967, Fahey, 1964; Haukenes, 1962; Price and 
Kneeland, 1954 and 1956; and Yoon Bern Kim, 1964). Some 
of these reports suggested that the antigen involved was 
the capsular material elaborated by the pathogenic strains 
(Morse, 1962 and Wiley and Wonnacott, 1962). 
From Tables I and II it was seen that only rabbits pro-
duced capsular antibody that could be detected by the 
serological tests listed in those tables. Based on these 
resul ts it would appear that mice either failed to respond 
or possibly produced an antibody to staphylococcal capsular 
polysaccharide detectable only by the Boger agglutination 
test. 
It is known that the class of immunoglobulin produced 
follOwing immunization is related to the duration of 
immunization, nature of the antigen, the animal species and 
the route of inoculation (Yoon Bern Kim, 1964). The dosage 
of antigen or the intensity of antigenic stimulation can 
influence the proportion of IgG and IgM globulins produced. 
For instance a single injection of bacterial lipopoly-
saccharide antigen elicits primarily IgM or 198 antibodies 
but when larger amounts of antigen are injected over longer 
periods of time, considerable amounts of IgG are also pro-
duced (Yoon Bern Kim, 1964; Pike, 1967). Berlin (1964) 
used an influenza virus vaccine in mice and. found that 
during the primar,y response IgM globulins appeared vithin 
two days after inoculation and. IgG globulins appeared vi thin 
3 to 4 days. 
Pike (1967) reports that smaller arnaunts'of IgM than ' 
IgG are required for agglutination and precipitation but 
IgM, in general, being less avid than IgG, and that the 
reaction time of IgM and antigen is much slower than the 
reaction time of IgG and antigen. 
Based on this information then it is possible that the 
mice gave a negative "in vitro" serological response to the 
capsular material because of the small amount of IgM that 
they may have elicited. 
In this study the specific capsular reaction test was 
used to detect the presence of a capsule on young cultures 
of ~. aureus, strain NB-1, and 8. epidermidis. It was 
found that NB-l almost always had evidence of capsule for-
mation between 4 and 6 hours' incubation and that .,2- epi-
dermidis demonstrated no evidence of capsule formationu 
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This evidence of capsule formation with NB-l confirmed the 
report of Lyons (1937) who demonstrated capsules on 
staphylococcal organisms at 3 to 5 hours' incubation using 
India ink mounts. Lyons (1937) stated that most organisms 
whether they are pathogenic or nonpathogenic produced a 
capsule wi thin the first few hours of incubation. Lyons 
(1937) also demonstrated a surface antigen on.2- aureus by 
the slide agglutin~tion method using hyperimmune serum and 
young heat killed organisms_ Morse (1962) was able to 
demonstrate a similar antigen called "Smith surface antigen" 
(SSA) by slide agglutination using young cultures of the 
8mi th strain of S. aureus. Oeding (1960) noted that as 
the organisms grew older the complexity of the capsule and 
the number of· blocking antigens increased. Oeding found 
the effect of these blocking antigens to be insignificant 
in 3 to 5 hour old cultures but the effect of these blocking 
antigens increased with duration of incubation. He found 
that the ability of antigens to mediate agglutination and 
to elicit antibodies varied from one strain to another. In 
one strain the antigen may be an agglutinogen but be poorly 
antigenic. He observed that a weak. antigen may not be 
recognized by agglutination but m~ completely absorb the 
homologous antibody. 
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Because of the apparent absence of detectable capsular 
antibody in the mouse, this property of being an agglutinogen 
with poor antigenicity is thought to be a possibility since 
there was no detection of the capsular antibody by common 
serological tests. 
Based on the evidence that little or no blocking effect 
occurs in 3 to 5 hour cultures, the Boger bacterial aggluti-
n~tion test utilizing a 6 hour broth culture of NB-l organisms 
was employed in this work. It was found that mice with a pre-
immunization ti terof 1 :160 or less gave a better response, 
as measured by the Boger method, than those animals having 
a pre-immunization titer greater than 1:160. All animals 
received 100 J,J.gm of capsular material. 
With the BOger technique serum from germ free mice had 
an agglutination titer of 1:10 or less. The titer of a 
human serum pool collected during the summer months was 
1:640 and that collected during the winter months was 1:160. 
Sell (1964) states that a low level of gamma globulin in 
germ free mice is the result of reduced antigenic stimulus 
which is directly related to the bacterial flora content 
of the gut. The difference in titer seen in the human serum 
pools is possibly a seasonal effect or the result of an 
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increased incidence of staphylococcal infections, since these 
pools were collected from a general hospital patient popu-
lationo 
Cohen (1963) found that sera of non-immunized mice 
from both germ free and conventional colonies of similar 
genetic stock had high titers of antibody for staphylococci 
detectable by gel diffusion, agglutination or fluorescent 
antibody techniques. These antibody titers were demonstrable 
at two months of age and increased with age. The age of 
the germ free mice used in this study was not known. 
Ekstedt (1963) immunized mice with one strain of ,2. aureus 
and challenged them with another strain of .2. aureus as well 
as a heterologous organism and was unable to obtain a:ny 
degree of protection against the heterologous organism and 
only minimal protection against the strain used in the chal-
lenge. These results were interpreted as favoring antibac-
terial rather than antitoxic immunity because it was felt 
that antitoxic immunity would have given more than minimal 
protection against the strain used in the challenge. 
The species specificity of the antibody was determined 
by absorption of the antiserum with NB-l and ! . .£2!! 
organisms. Tables V and VI show that the antibody was quite 
specific, showing a two-fold decrease or more in the antibody 
titer following absorption of immune serum with formalin 
killed NB-l organisms and no significant titer decrease 
following absorption with !. .£2!i. 
In Tables VII and VIII there is noted a decrease in 
the total serum protein in the mice after immunization. 
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These findings are similar to those of Jordan (1962) who 
found a decreased total serum protein in immunized mice 
compared to the normal mice. Jordan also found the greatest 
change in the alpha-2 and beta globulins. In this study 
there was no change in the average alpha-2 globulin fraction. 
Sartorelli (1966) used sarcoma cell l80/TG to produce 
hyperimmune antiviral asci tic fluid in mice. He found that 
in general the antibody titers of the ascitic fluid prepared 
by this method were comparable to those of serum and that 
the ascitic fluid usually contained about twenty times as 
much antibody as could be obtained from serum owing to the 
greater volume. 
The mouse ascites fluids produced by the K II strain 
of ascites tumor cell were analyzed for total protein concen-
tration and electrophoretic components. Comparison of the 
total protein concentration of the serum and the ascites 
fluids of normal mice and mice inoculated with capsular 
material showed that the total protein content of the ascites 
fluids was lower than the corresponding serum protein content. 
The total serum protein of mice inoculated with capsular 
97 
material was lower than the total serum. protein of the normal 
mice. These figures agree quite well with those of Jordan 
(1962) who found that the total protein concentration of 
ascitic fluid pools from immunized mice was approximately 
3a;, less than. the protein concentration in corresponding 
serum pools. He also found that the serum. protein concen-
tration of immunized mice was approximately l~ less than 
the serum protein concentration of normal mice. This de-
crease in protein concentration is possibly a reflection of 
the inability of protein synthesis to meet the increased 
demands required for ascites formation. 
Electrophoretic analysis of the serum and ascites fluids 
showed both fluids have a similar distribution of electro-
phoretic components. Jordan observed this also along with 
a concomitant decrease in the albumin fraction. A decrease 
in albumin concentration was not seen in this study. 
Comparison of the electrophoretic analysis of serum. 
and ascites fluids from normal mice and mice inoculated with 
whole NB-l organisms showed an increase in the serum IgG 
globulin and asci tea IgG globulin. These data are tabulated 
in Tables VIII, XIV, and XY. The increase in the gamma 
fraction is possibly due to IgG-l globulin production since 
these inoculations were carried out over four weeks or more. 
This would agree with the findings of Yoon Bern Kim (1964) 
and Berlin (1964). Jordan (1962) using cellular material 
for immunization found the greatest.relative increase in 
the alpha and beta globulins" It would appear that the 
whole organi sm is more antigenic than the capsular material 
or the suspension of organisms contained a greater amount 
of capsular material than that g;L ven to any of the groups 
receiving capsular material in amounts less than a total of 
400 ~. 
Electrophoretic analysis of the ascites fluids from 
mice inoculated with whole NB-l organisms both before and 
after absorption with NB ... 1 whole organisms demonst:rated a 
decrease in the gamma globulin fraction. These data tabu-
lated in Tables XVII and XVIII suggest that the increased 
gamma globulin present before absorption m~ have been 
antibody. 
Estimation of the LD50 using killed~. aureus, NB-l, 
and 8mi th variant 872 showed that 2o'p to 3o'p of the deaths 
in 72 hours could be explained as being due to the killed 
organisms administered. These deaths are assumed to be the 
result of toxic products released by the breakdown and meta-
bolism of the organisms injected. 
7.8 X 107 live NB-l organisms suspended in 5~ hog gastric 
mucin were required to kill 5~ of the test animals. This 
could have been due to the type of environment in which these 
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animals live and possibly the high antibacterial titer which 
they undoubtedly have as a result of thi s environmental 
influence 0 
6 Less than 10 live strain 872 organisms were required 
to kill 5~ of the test animals. This difference compared 
to that of the NB-l organism is possibly due to the fact 
that this strain of .§.. aureus is not as widespread in 
nature and as a result the mouse has a very low antibacterial 
serum titer. 
According to Oeding (1960), Ekstedt (1963) and Rogers 
(1962), many of the staphylococci have one or more cell 
wall factors in common. This may give some cross protection 
between strains, especially for staphylococci present in 
the nose, pharynx and gastro-intestinal tract of the mouse. 
These investigators state that there is a distinct difference 
in the antigenic factors of the staphylococci found in 
lower animals and those found in man. There is still a fur-
ther variation in antigenic patterns of the staphylococci 
found in man l s naso-pharynx and the virulent or pathogenic 
staphylococci found in a severe staphylococcal skin infection 
on the same individual (Christie, 1940). If a strain of 
Staphylococcus such as 872 or the "Smi thn strain is found 
predominantly in infections in man, then it is entirely 
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possible that they could require fewer organisms to kill 50% 
of the test animals. 
In the mouse protection tests shown in tables XXII and 
XXIII one group of animals was injected intraperitoneally 
with 1.72 X 1010 organisms in mucin and the other group was 
injected intraperitoneally with 3.44 X lOS organisms in 
mucin. Even with these doses only 78.5% of the mice receiving 
1.72 X 1010 organisms succumbed and only 53.3% of those 
receiving 3.44 X 108 organisms died. 
The animals which were vaccinated with the h epidermidis 
vaccine showed a marked difference in response to the live 
~ aureus challenge. Those receiving 1.72 X 1010 organisms 
in mucin had a 93.3% mortality while those receiving 3.44 X 
108 organisms in mucin had only 4~ mortality. There were 
no other variations in the way this group of mice was handled 
other than the number of organisms given in challenge; yet 
there is a 53.3% mortality difference in these controls. 
This protection against ~ aureus challenge following immuni-
zation with ~ epidermidis could be secondary to an infection 
with ~ aureus concomitantly with the time of immunization 
or possibly the strain of ~ epidermidis contained one or 
more antigenic factors in common with the ~ aureus used in 
t he challenge. 
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Ekstedt (1963) carried out a similar study with mice 
using cell wall extracts and whole cell vaccines and found 
that 105 organisms suspended in mucin or 108 organisms sus-
pended in saline and given intraperitoneally were sufficient 
to kill the mouse. 
The two groups of animals receiving a total of 800 ugm 
of capsular material did not show any significant difference 
in mortality rate. Those receiving 1.72 X lOla organisms 
in mucin had 86.6% mortality and those receiving 3.44 X 108 
organisms in mucin had an 80% mortality. 
The animals receiving 0.08 ugm of capsular material 
showed no protection compared to the saline controls on a 
mortality basis. Ekstedt (1963) reported that amounts of 
cell wall material in excess of one ugm produced an antigenic 
paralysis in mice. According to these results, a total of 
0.08 ugm. of capsula.r material did not protect as well as 
saline. In fact, this small amount of capsular material 
seems to have made the mice more sensitive and susceptible 
to ~ aureus infection. Serologically, these mice demonstrated 
an antibody rise, but immunologically, there was negligible 
protection. 
In Tables XXII and XXIII of this study the Chi square 
test of independence was obtained without calculating the 
expected values. The observed values of the cell and marginal 
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frequencies were inserted in a fourfold contingency table 
Saline control A B A+B 
.. 
Test group C D C +-- D 
A+C B+D N 
and X2 calculated by using the formula 
2 
2 - N (AD-BC~ 
X - (A+B)(C+D)A+C)(BfD) 
in which each test group was compared to the saline control 
group. 
In using this method there was one degree of freedom 
for which the p ; .05 value was 3.84. From these data it 
is seen that only the X2 value of 3.87 for the group of mice 
immunized with ~ epidermidis and challenged with 3.44 X 108 
NB-l organisms even approached a significant level. Thus 
it would appear that the protection exhibited following a 
challenge dose of 3.44 X 108 was significant while the pro-
tection exhibited following a challenge dose of 1.72 X 101° 
organisms was not significant. Electrophoretic studies of 
serum and ascites fluid demonstrated a rise in gamma globulin 
in spite of this apparent lack of protection to challenge. 
SUMMARY 
Rabbits produce a capsular antibody that can be detected 
by the specific capsular reaction test, precipitin test and 
the hemagglutination test. Detection of capsular antibody 
in mouse serum by these tests was unsuccessful. 
Antibody in mouse sera was detected by the Boger bac-
terial agglutination test using mouse anti-sera and dilutions 
of" a six hour broth culture of .2- aureus, strain NB-l, as 
antigen. By this method it was found that germ free mice 
had a titer of 1:10 or less and that pools of human serum col-
lected in the winter and summer months had a titer of 1:160 
and 1:640 respectively. These titers of germ free mouse serum 
and pooled human serum were unaltered by absorption with 
.2* aureus, strain NB-l, or Escherichia.£2!! organisms. 
Five hundred IJgms of capsular material was found to be 
the optimal dose for antibody production in the mouse.. Mice 
having a pre-immunization titer of 1:160 or less gave a better 
antibody response to capsular material than mice with a pre-
immunization titer of 1:,320 or more. It is believed that 
mice with a high pre-immune titer went into a negative phase 
or a state of antibody suppression following immunization 
with capsular material. 
It would appear that capsular material is an agglutinogen 
that is strongly antigenic in rabbits. In mice the antibody 
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titer reaches its maximum in two to three weeks and returns 
to the pre-immune level in four to six weeks. 
The antibody produced in conventional mice was found to 
be specific for ~. aureus. It was absorbed out of serum by 
a heavy suspension of ~. aureus, strain NB-l, and not absorbed 
by a heavy suspension of Escherichia £2!!. 
Total protein determinations and electrophoretic analyses 
of serum from mice immunized with capsular material showed 
an average decreased total protein with a decrease in the 
beta globulin and an increase in the gamma globulin. The 
increase in the gamma fraction is believed to be due to an 
increase in the IgGl fraction. Since this fraction does not 
appear in mice for periods up to 30 to 60 d~s, it is possible 
that the early IgGl globulin is being measured by the Boger 
method and is not being detected by the other serological 
tests used in this work. There is no evidence that IgM 
antibodies fail to react in conventional tests but according 
to Fahey (1962), Berlin (1964) and Pike (1967) these IgM 
antibodies are slow to react, have poor avidity and are 
more temperature sensitive than the IgG antibodies. 
The decrease in total serum protein following immuni-
zation with capsular material ma¥ have been due to an induced 
negative phase following immunization with capsular material. 
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Mice immunized with a whole cell suspension of ,2- aureus, 
strain NB-l, demonstrated a greater rise in serum gamma 
globulin than that produced by capsular material.. This 
greater stimulation m~ have been due to other components of 
whole cells or to failure of isolated capsular material to 
function as an antigen_ 
Studies on hyperimmune ascites fluids produced in mice 
by the K II strain of ascites tumor cell produced serologi-
cal and chemical findings similar to those of serum. Even 
though large amounts of hyperimmune ascitic fluid were 
obtained the results of the protein determinations were simi-
lar to those ot' serum. There was an overall average decrease 
in total protein and a corresponding increase in the albumin 
and globulin fractions giving an albumin:globulin ratio 
similar to that of serum. Mice immunized with whole cells 
of strain NB-l produced gamma globulin in their ascitic 
fluid that was two and one-half times that found in normal 
mice and mice immunized with capsular material had only 2510 
more gamma globulin in their ascitic fluid than the normal 
mice. 
Ascites :fluids produced in mice immunized with whole 
NB~l organisms were absorbed with the homologous organism 
at 4° C for seven days. Electrophoretic studies on the 
absorbed ascites :fluid showed a reduction in the "gamma 
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globulin fraction of 5oj,. This suggests that the increased 
gamma globulin present before absorption may have been 
antibody. 
One LD50 of .2. aureus, strain NB-l, was estimated to 
be 7.8 X 107 organisms (Table IX). One LD50 of the Smith 
variant strain 872 was estimated to be less than 106 
organisms (Table XXI). The proposed reason for this dif-
ference in LD50' s for the two organisms is that the Smith 
variant strain 872 is possibly not as widespread in nature. 
Therefore the mice might have less contact with strain 872 
and would have a low antibody titer to it. It is also 
possible that capsular antigens of strain 872 are different 
from the NB-I strain and hence immunization of the mouse does 
not stimulate specific antibodies protecting against the . 
Sm1 th variant 872. 
It was found that capsular material in less than micro-
gram amounts seemed to sensitize mice to lethal inoculations 
of live vaccine. Serologically and electrophoretically they 
had an elevated gamma globulin but immunologically there 
was negligible protection against a lethal challenge. 
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